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MO  T  I  O  N 

F  L  u’l  D  S, 

N/itural  and  Artip-iciai/; 

I 

In  particular  that  of  the 

A  I  R  and  W  A  T  E  R: 

d  N  A 

« 

Familiar  Manner  propofed  and  proved 

by  evident  and  conclulive  Experiments, 
to  which  are  added  many  ufeful  Remarks. 

D  O  N  E  W  I  T  H 

Such  Pl  AiNNEss  and  Perspicuity,  as  that 
they  may  be  iinderftood  by  the  Unlearned. 

F5r  whofe  Sake  is  annexed, 

A  Short  Explanation  of  fuch  Uncommon  Terms 

which  in  Treating  on  this  Subjedl  could  not,  without 
Affectation,  be  avoided. 

WITH 

Plain  Draughts  cf  fuch  Experiments  and  Machines. 
which,  by  Defcription  only,  might  not  ^ 

'  .■  j;- — ^ — i.’  c...  .Tv 
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0  I  Tt> 


To  the  Right  Honourable 

RICHARD  BOYLE, 

Earl  of  Burlingt  on  and  Corke^ 


One  of  the  Lords  of  His  Majefy  s 
Mof  Honourable  Privy-CounciLj 
and  Knight-Cofnp anion  of  the  Mod 
Noble  Order  of  the  Garter. 


My  Lord, 

Efteem  it  no  ordinary  Happi- 
neis,  that  I  have  Leave,  under 
Your  Patronage  and  Protec¬ 
tion,  to  offer  to  the  Publick  the  Second 

A.  2  lEdL 


A 


DEDICATIO  IV. 

Edition  of  a  Book,  the  principai  Sub- 
je6l  whereof  has  been  thought  worthy 
the  Confideration  of  the  Great  and 
Learned  Mr.  Boyle,  Your  Lordship’s 
Uncle,  by  whom  it  was  cultivated  with 
uncommon  Diligence  and  Succefs. 

Animated  by  the  lame  Zeal  and 

Spirit,  Sir,  You  alfo  chufe  to  dedicate 

a  coiiUderable  Part  of  your  Time  to 

the  Culture  of  Fine  and  Ufeful  Arts ; 

of  which  the  many  elegant  Edifices, 

as  well  Publick  as  Private,  which  have 

been  conducted  under  Your  Lord- 

ship’s  Direction,  and  even  plann’d  with 

Your  own  Hands,  will  continue  for 

Ages  to  come  an  inconteftable  Proof, 

« 

The  Benefit  of  Mankind  is  doubt- 
lefs  the  bell  and  moft  w^arrantable  In¬ 
ducement  to  the  Purfuit  of  Fame ;  it 
is  alfo  the  Standard  of  true  and  lafiing 
Glory  :  By  this  the  World  will  always 
very  rightly  diftinguifli  its  real  Bene- 


D  ED  I C  ATI  0  N. 

fadlors  ;  hence  will  it  rate  their  La« 
hours,  and  in  Proportion  to  this  alone, 
make  proper  Acknowledgments, 

The  Part  Your  Noble  Houfe,  My 
Lord,  has  long  had  in  publick  Bene¬ 
ficence  and  Utility,  is  too  well  known 
to  need  any  farther  Declaration.  The 
Family  of  B  OTL  E  has  not  been 
more  confpicuous  for  its  numerous  and 
extenfive  Nobility,  than  for  having 
produced  Men  famous  in  their  Gene¬ 
ration,  and  fuch  as  have  been  approved 
the  Friends  of  Mankind. 

That  Your  Lordship’s  Endow¬ 
ments  and  Abilities  are  fuch  as  emi¬ 
nently  diftinguifii  You,  at  a  Time 
when  Arts  and  Sciences  may  be  faid  to 
flourifii  even  to  a  great  Degree  of  Per- 
fedlion,  is  therefore  the  lefs  furprifing: 

—  — AYc — ^ 

i 

Erogenerant  aquilce  colmnbam.  Hor, 

^  3  That 


T>  ED  1C  ATI  ON. 


That  You  may  long  continue  thus 
an  Ornament  to  your  Country,  a  Pat¬ 
tern  to  your  Contemporaries ;  happy 
in  Yourfelf,  your  Relations,  and  every 
other  Circumftance  of  Life ;  is  the  hn- 
cere  Wifli  of 


Tour  Lordship’s 


moP  Devoted^ 

and  moP  Obedient^ 


Humhk  Servant 


Martin  Claret 


ADVERTISEMENT. 


H  K  following  Sheets  are  the 
Subjlance  of  fome  LeSiures.) 
privately  read  to  a  Set  of  Gen¬ 
tlemen^  who  were fo  indulge?it^  both  to  the 
Maper  a?td  Form^  as  to  encourage  their 
F ublication^  for  the  Ufe  and  Advafi- 
tage  of  ihofe  who  may  have  wanted 
Opportunities  of  mquiring  into  fuch 
Natural  Caifes  as  are  the  SubjeSl- 
Matter  of  thc/n  ;  viz. 

I  Hybrosta  T I  c  R  s ,  whereby  the 
Nature  of  the  groffer  Fluids-  is  explam-* 
ed ;  their  Motions  on  the  Prmciple  of 
Gravity  afce7~tamed\  mof  of  the  Va¬ 
rieties  of  which  Motions^  whether  in 
Pipes,  Pumps,  Sjplions,  Fire-Engine?^ 
[ets-d’Eau,  or  the  chief  Water-Works 
Ufe,  are  both  deiijieated  to  the  Fye, 
and  demojtf  rated,  to  the  Uttdwrjlandmg^ 


Advertifement. 

m  fo  fafniliar  a  Way^  that  ‘‘tis  hoped 
eve?i  the  Unlearned  may^  without  great 
Difficulty^  comprehend  thefn.  To  which 
is  added  the  concije  Way  of  difcovering 
the  Specific  Gravity  of  Bodies^  hy 
weighing  them  in  Water. 

II.  P  NEUMATiCKS,  wherein  the  chief 
Properties  of  the  Air.,  its  and 

Spring,  are  made  appear  by  Experi- 
,ments  and  undeniable  Proofs.  Under 
which  Head^  fhort  but  clear  Sketches  of 
Mufcuiar  Motion,  the  Circulation  of 
the  Blood,  the  Procefs  <^Digefi;ion  and 
Nutrition,  with  fever al  other  curious 
SubjeBs  relatmg  to  the  Animal  Oeco- 
nomy,  fo  far  as  they  are  at  prefe7^t 
underfiood.,  are  occafonally  introduced. 
"The  Meteorology,  or  the  Caufe  and 
Origin  of  the  Winds,  Clouds  a7td 
Storms,  generated  in  the  Regmis  of  the 
Air.,  with  the  Caufe  a7id  Progreffion 
of  Sounds  c 077V eyed  to  the  Ear  by  Means 
thereof  are  alfo  endeavoured  to  be  il- 
lu ft  rated  frotn  Reafon^  or.  are  propofed 
frotn  the  bef  Authot'ities.  The  Infru- 
.  '  '  tnents 


Advertifemeiit 

fnents  alfo  for  obferving  the  Alterations 
the  State  of  the  Air.,  are  herein  par¬ 
ticularly  defcribed,  and  the  Art  of  Di¬ 
ving  fully  explained. 

I  AT  doing  whereof.  Care  has  been 
taken  to  be  as  fuccinEi  as  was  confflent 
with  P erfpicuity,  and  to  ife  as  few  hard 
Words  as  poffble :  Such  uncommon 
P‘erms  however  as  could  not  be  well 
avoided  in  treating  on  thefe  SubjeBs, 
are  by  the  fhort  Glofiary  at  the  End  of 
the  Preatife,  fufficiently  explained. 


I F  thefe  Sheets  do  not  contain  any  new 
or  notable  Difcoveries  in  either  of  the 
Branches  of  Science  propofed,  'tis  hoped, 
that  what  has  been  found  out  relating 
to  them,  will  appear  to  be  fo  well  con- 
neSied,  and  difpojed  in  fo  clear  a  Light, 
that  the  Reader  may  therein  fnd  at 
leaf  Matter  of  Amufement ;  and,  by 
perufng  them,  may  not  ordy  become  a 
tolerable  fudge  of  what  may  be  dorte 
in  this  TE ay,  but  be  alfo  made  acquaint¬ 
ed,  with  the  Manner  of  performing  it, 

■  •  Lhe 


Advertifement. 

l^he  Artip  will  probably  receive  fome 
^^Benejit  from  having  the  Reafon  and 
Principles  of  many  'Things  he  daily  fees 
and  doeSj  explained  to  him  in  an  eafy  and 
familiar  Manner.  The  young  Philofo- 
fh  er  may  certainly  be  affped  hereby  in 
his  firf  Searches  after  Truth  :  Befdes 
which  AdvantagCy  his  Mind  will  be  bet¬ 
ter  prepared  for  receiving  LeBures  in 
Natural  and  Experimental  Philofophy  ; 
which  might  eafly  be  introduced  into 
mof  regular  SocietieSy  and  fo  become  of 
fngular  Ufe  and  Benefit  to  Mankind, 
That  which  by  Experiment  is  made  the 
ObjeB  of  our  SenfeSy  is  generally  found 
to  leave  deeper  Impreffons  on  the  Mindy 
than  InfruBion  m  a?2y  other  Way. 

THE  Advantage  Thmgs  of  this 
fort  are  already  of  to  the  Worldy  ap¬ 
pears  in  the  frequesit  Improvements 
now  made  in  all  thofe  Things  which  ei¬ 
ther  ferve  the  Inter efsy  fupply  the  Ne~ 
cejftiesy  or  farther  the  Conve7^ience  of 
Mankind.  By  Experiments  perfioj^'med 
with  Accuracy  and  judgmetity  Us  cer¬ 
tain 


Aclvertifeiiient 

tain  Arts  a?id  Sciences  have  been  ?norc 
advanced  withm  the  lajl  Centuryy  than 
in  feveral  Ages  before.  The  Hypotlie- 
fes,  or  rather  Phiiofopliical  Romances, 
of  Antiquity  being  now  exploded.^  our 
hiquiries  into  Natural  Caufes  are  no 
longer  biafs  d  by  conjeSlural  Schemes^ 
and  the  ProduElions  of  warm  a7id  preg¬ 
nant  Imaginations  ;  but  our  Principles 
are  built  on  the  furefl  and  mojl  ratmial 
Bafsy  that  of  Experiment  and  Fad;  ; 
which  cannot  btu  be  always  acceptable 
to  thofe  who  adjnire  Demonftration,  a?2d 
delight  in  Truth. 

Nullius  in  Verba  :  - -  Experimentis 

ducor  ad  confentiendiim. 

'  .  Symbol.  Reg.  Soc. 
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E  S  I  D  E  S  a  few  literal  Millakes,  the  Reader  is  deiired  to 


j[y  amend  the  following.  Page  94.  Line  19.  read  25.  p.  109. 
1.  /i^.x.fenjlhle.  p.  157.  1.  li.  read  hydrofiatically,  p.  185. 
1.  19.  X.  Jhenx}n  often,  p.  197.  1.6.  x.  voluntary,  p.  233.  1.  2^. 
j,ne^  Matter,  p.  235.  I.  18.  r.  Wainfcot.  p.  261. 1.  23.  n 
foliomj.  p,  259.  1.  4.  r.  Soto^ento.  p.  274.  1.  22.  r.  if  thofe 
Vapours  chance,  p.  309.  1.  i8.  x.  Hills,  p.  311.  J.  23.  x.^vhen. 
p.  348.  L  13.  r.  Fig.  37.  Plate  9.  is  an  old  Building. 


HYDROSTATICKS: 

O  R, 

The  Motion  of  F  l  u  i  d 

Natural  and  Artificial. 

TATICKS  in  general  fliew  the 
Equipoize  of  Bodies,  and  their  Dif¬ 
ference  in  point  of  Weight ;  and 
mere  Staticks  make  up  a  Science 
only  Ipeculative. 

Hydrostaticks  is  that  Part  of  Staticks,’ 
reftrain’d  to  the  Weight  and  Equilibria  of  Li¬ 
quid  Bodies.  Under  this  Head,  not  only  Ac¬ 
counts  of  the  Nature  and  Properties  of  Fluids  in 
general  are  introduced,  and  the  Laws  by  which 
they  adt }  but  alfo  the  Art  of  weighing  folid  Bodies 
in  Fluids,  in  order  to  difcover  their  fpecifick  Gra¬ 
vities. 

HYDR0STATiCKS,as Mr. Boyle  obferves,is 
a  Branch  of  Natural  Philofophy  inferior  to  none : 

B  He 


2  T'he  Motion  ./FtUIDS, 

He  terms  k  a  Science  refulting  from  Reafon^  ancf 
afFording  Difcoveries  no  lefs  pleafing  than  won¬ 
derful  ;  lince  neither  the  moft  abftrufe,  or  the 
moil  fimiliar  Appearances  of  Nature  can  be  well 
underdood  or  accounted  for,  without  hydrofta- 
tical  Principles.  He  recommends  it  as  an  Art,^ 
not  only  delightful  in  Speculation,  but  ufeful  in 
Practice ;  of  the  higheft  Importance  to  the  Im¬ 
provements  in  Trade  and  Navigation  j  neceffary 
to  fuch  whofe  Bufinefs  it  is  to  compare  the  Mag¬ 
nitude  and  Gravities  of  certain  Bodies,  as  Metals, 
Ores,  iSc,  and  with  regard  to  the  Railing  of 
Water,  for  the  Ufes  of  Life,  its  Importance  is 
beyond  Expreffion. 

On  FLU  I  D  I  T  Y. 

Sir  Ifaac  IVewtons  Definition  of  a  Fluid 
is,  ’Tloat  it  is  a  Body  yielding  to  any 
Force  imprefs  dy  and  which  hath  its 
Pa?'ts  very  eajily  movd  one  among 
another. 

IT  mud  here  be  remark’d,  That  this  Defini¬ 
tion  fuppofes  the  Motion  fpoken  of,  pro¬ 
duced  by  a  partial  PrelTure  j  for  in  the  Cafe  of  an, 
’  an  incompreffible  Fluid,  it  is  demonftrated  by 
Dr.  Ke  I L,  that  under  a  total  or  an  equal  Prefliire, 
kwould  be  impoffible  the  yielding  Body  fiiould 
move. 

The  original  and  conftituent  Parts  of  Fluids 
are  by  the  Moderns  conceived  to  be,  Particles 

.  “  final! 
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fmall,  fmooth,  Hard,  and  fpherical :  According 
to  which  Opinion,  every  Particle  is  of  itfelf  fo- 
lid,  or  a  fixed  Body ;  and  when  confider’d  fingly, 
is  no  Fluid,  but  becomes  fo  only  by  being  join’d 
with  other  Particles  of  the  fame  kind. 

’Tis  probable  that  the  Particles  of  Fluids  are 
exceeding  fmall,-  becaufe  their  Texture  has  ne¬ 
ver  yet  been  difcover’d  by  the  finefi;  Microfcope  y 
we  judge  them  to  be  fmooth,  becaufe  they  are 
found  eafily  to  glide  one  over  another  5  hard  and 
impenetrable,  becaufe  no  Fluid,  the  Air  except¬ 
ed,  is  capable  of  Compreffion  ;  and  to  be  fphe- 
rical,.  that  they  may  only  touch  in  feme  Points 
of  their  Surfaces  ;  and  fo  not  only  may  be  the 
more  eafily  mov’d,  but  alfo  form  Interftices  or 
Vacancies  between  them,  which  may  be  proved. 

Were  Fluids  not  compounded  of  primary 
Particles,  form’d  as  above,  but  made  up  of  one 
uniform  homogeneous  Subftance,  without  Con- 
fiftence,  equally  denfe  j  there  would  be  no  Dif¬ 
ference  in  their  fpecifick  Gravity,  and  all  Fluids 
would  be  of  the  fame  Weight,  Bulk  for  Bulk  j 
which  is  contrary  to  Experience. 

That  Fluids  have  Vacuities,  will  appear  up¬ 
on  mixing  Salt  with  Water,  a  certain  Quantity 
whereof  will  be  diffolv’d,  and  thereby  imbib’d, 
without  enlarging  the  Dimenfions.  A  Fluid’s 
becoming  more  buoyant,  is  a  Proof  that  its  fpe¬ 
cifick  Gravity  is  encreas’d,  and  of  confequence, 
that  many  of  its  Vacuities  are  thereby  fill’d  j  after 
which  it  may  Hill  receive  a  certain  Quantity 

9  x  of 
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of  other  diffolubie  Bodies,  the  Particles  whereof 
are  adapted  to  the  Vacancies  remaining,,  with¬ 
out  adiirig  any  thing  to  its  Bulk,  though  the 
abfolute  Weight  of  the  whole  Fluid  be  thereby 
er.creas'd. 


This  may  be  denionftrated,  by  filling  a  Cup 
of  frefii  Water  to  the  Brim,  out  of  which  care¬ 
fully  refund  a  certain  QMntity.  To  the  Refi- 
due  of  the  frella,  add  the  fame  Qi^ntity  of  fait 
Water,  notin  2:  firfi;  tlie  Difference  of  the  abfolute 
Weights  of  the  fait  Water  and  the  frefh ;  and 
although  a  greater  Quantity  of  Matter  (always 
fignified  by  the  Weight)  be  really  added,  than 
was  taken  out,  yet  fhall  it  not  fill  the  Cup  fo 
high  as  the  frefli  Water  did,  by  a  notable  Diffe¬ 
rence. 

And  as  Fluids  have  Vacuities,  or  arenotper- 
fedlly  denfe ;  ’tis  alfo  probable,  that  they  are 
coiTipoanded  of  fmal!  Spheres  of  different  Dia¬ 
meters,  whole  Interftices  may  be  fliccellively 
fill’d  with  apt  Materials  for  that  Purpofe :  And 
tire  fmaller  thefe  Interflices  are,  the  greater  will 
the  Gravity  of  the  Fluid  always  be. 


For  inflance;  Suppofe  a  Barrel  be  fill’d  with 
Bullets,  a  great  many  Small-fliot  may  afterwards 
be  placed  in  the  Interflices  of  thofe  Balls ;  the 
Vacuities  of  the  Shot  may  then  be  replenifli’d 
v/ich  a  certain  Quantity  of  Sea-fand  ;  the  Inter- 
fiices  of  the  Grains  of  the  Sand  may  again  be 
fill’d  with  Water ;  and  thus  will  the  Weight  of 
the  Barrel  be  greatly  augmented,  without  en- 

creafing 
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creaiing  the  Qiwntity  :  Now  this  being  true 
with  regard  to  Solids,  is  applicable  aifo  to  h  Imcis, 
For  inftance  ;  River- v/ater  will  difiblve  a  certain 
Qi^ntity  of  Salt ;  after  which  it  will  receive  a 
certain  Qi^ntity  of  Sugar ;  and  after  that,  a  cer¬ 
tain  Quantity  of  Allom,  and  perh.aps  othier  dif- 
foluble  Bodies,  and  not  increafe  its  firil;  Dimen- 
lions. 


Was  all  Space,  as  the  Cartefums  affirm,  ab- 
folutely  full  of  Matter,  this  Matter  mufl  either 
be  fluid  or  fix’d.  Was  it  fix’d,  there  could 
pofllbly  be  no  Motion  therein ;  it  niuft  there¬ 
fore  be  fluid.  But  a  Fluid  without  Vacuities 
will-  be  denfer,  confequently  heavier,  than  all 
Fluids;  and  if  denfer,  ail  Bodies  will  emerge, 
and  fwim  therein,  by  hydroflatical  Laws,  nor 
could  there  be  fuch  a  Thing  as  Gravity.  But  as 
Gravity  cannot  be  denied,  all  Space  therefore 
cannot  be  flll’d,  even  with  a  Fluid. 

These  Gentlemen  have  two  Evafions  to  a- 

T  •  '  ' 

void  the  Pvefifiance  of  their  Vortices,  or  Wliiiir 
pools  of  Subtle  Matter ;  by  the  Motion  whereof, 
they  endeavour  to  account  for  the  Phatnomcna 
or  Appearances  in  Nature.  Their  imagin’d  Ma¬ 
teria  Subtilis  they  afleit  to  he  a  perfeSi  Fluid, 
not  incumber’d  with  the  leafc  Claniminefs,  Cc- 
hefion  or  T enacity,  and  therefore  capable  of  no 
Refiftance.  To  this  we  reply,  that  the  Reiiftance 
ofthe common  Fluids  (as  Sir  Isaac  Newton's 
Experiments  aftermention’d,  of  Bodies  faliin:j 
in  different  Mediums,  fhev/)  arifes  from  the 
Inadivity  of  Matter  only,  proportion’d  always 

B  3  to. 
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to  its  Denfity,  and  not  at  all  from  the  Cohefion 
ov  Tenacity,  Take  thefe  therefore  from  the 
Cartejian  Fluid,  the  Inadtivity,  or  Vis  Inertia, 
by  no  means  to  be  lulpended  or  diverted,  will 
remain  in  Matter ;  it  cannot  therefore  be  with¬ 


out  Relifi:ance.  And  as  Mercury,  near  fourteen 
times  denferthan  Water,  and  Water  about  eight 
hundred  and  fifty  times  denfer  than  Air,  are 
found  to  make  proportionable  Degrees  of  Re- 
fiflance ;  the  Fluid  jufl  mention’d,  being  much 

denfer  tnan  thefe,  will  no  doubt  proportioiiably 
j'eiifl:. 

T  I!  E I R  fecond  Evalion  is,  That  their  Fluid 
does  not  conlifl  of  grois  Particles,  as  others  do  j 
and  fince,  fay  they,  the  Diminution  of  the  Par¬ 
ticles  of  IViatter  iedens  the  Refill; ance  proportion- 
ably,  it  follows,  that  their  Fluid,  confifting  of 
Parts  infinitely  fmall,  can  have  no  Refinance  at 
all.  To  this  we  anfwer;  That  though  the  Di¬ 
minution  of  Parts  does  leffen  the  Refiflance  of 


any  fingle  Part,  yet  is  the  Refinance  of  the  whole 
not  alter  d  :  For  if  a  Body  oe  divided  into  twenty 
Parts,  wliich,  when  combin’d,  will  make  a  cer¬ 
tain  Degree  of  Refiflance ;  if  thefe  be  fubdivi- 
dcd  into  twenty  more,  the  Number  of  Parts 
will  be  doubled,  each  of  which  will  make  but 
a  fortieth  Part  of  the  Refiflance'  of  the  whole  j 
but^taken  colledively,  they  will  have  the  fame 
Refiflance,  and  be  of  the  fame  Weight,  as  v/as 
the  Body  undivided.  Nor  is  an  Ounce  of  Gold 


tlie  ieis  ponderoc 
Dull. 
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for  being  reduced  into 
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Another  Miftake  tliefe  Gentlemen  make, 
is  in  their  Definition  of  a  Fluid,  which  they 
take  to  be  a  Body  in  continual  Motion  :  Ui-ging 
in  Support  thereof,  that  all  Bodies  have  a  Ten¬ 
dency  to  Confiftency ;  but  that  Fluids,  by  the 
Motion  of  their  Parts,  are  kept  feparate  ;  And 
to  this  Motion  they  attribute  their  making  lets 
Refiftance  than  fix’d  Bodies, 

I N  anfwer  to  which,  it  may  be  doubted  whe¬ 
ther  all  Fluids  have  a  Tendency  to  be  confiitent. 
Metals  indeed,  Wax,  Butter,  and  Bodies  of  like 
Texture,  artificial  Fluids  only,  which  are  by 
Fire  brought  into  a  State  of  Fufion,  and  are  to 
be  continued  flux’d  by  a  certain  Degree  of  bleat, 
have  a  Tendency  to  be  confilbent,  from  the  par¬ 
ticular  Difpofition  of  their  Parts :  But  there  may 
be  natural  Fluids,  fuch  as  Mercury,  for  inftance, 
or  Air,  which  have  no  fuch  Property. 

And  as  to  the  Refiftance  of  Fluids  being  the 
left,  on  account  of  the  continual  Motion  of  their 
Parts,  it  ought  to  be  confider’d,  that  a  Body  in 
Motion  will, not  refift  left  than  a  Body  at  Reft. 
For,  fuppofe  a  Body  moving  in  a  Fluid  :  Tliofe 
Parts  of  the  Fluid,  which  move  the  fame  way 
•  with  the  Body,  will  indeed  give  left  Refiftance ; 
but  then  thofe  moving  in  a  contrary  Diredtion, 
will  refift  the  more.  And  to  imagine  that  an 
equal  Number  of  Parts  can  conftantly  keep  mov¬ 
ing  this  way,  and  an  equal  Number  that,  is  both 
ridiculous  and  abfurd.  Belides,  fhould  it  be 
granted,  that  the  Particles  of  a  Fluid  may  be 

B  ^  once 
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once  put  in  Motion,  yet  cannot  they  continue 
fo:  For  ’tis  certain,  that  if  we  take  two  Bo¬ 
dies,  both  moving  the  fame  Way,  with  different 
Celerities,  if  A  overtakes  and  flrikes  By  by  the 
demonftrable  laws  of  Nature  and  of  Motion,  A, 
by  fuch  a  Congrefs,  mull  lofe  as  much  Motion 
as  B  acquires ;  and  fhould  A  meet  By  in  a  con¬ 
trary  Direction,  with  equal  Velocity,  being  alfb 
equal  in  Weight,  they  will  both  flop.  Wherever 
Reflflance  is.  Motion  is  always  lofl ;  there  can 
therefore  be  no  continual  Motion  in  Fluids. 

I T  is  moreover  contrary  to  Obfervation  :  For 

ml 

Motion  in  Fluids  of  equal  Denfity,  whofe  Parts 
are  every  where  therefore  fubjecl  to  equal  Degrees 
of  Preflure,  is  generally  owing  to  fome  Agency 
applied,  which  being  withdrawn,  the  Effeft  alfb 
ceafes;  as,  from  Water  boiling,  take  the  Fire, 
the  Motion  is  no  more.  F'ermentations,  which 
occafion  inteftine  Motions  in  Fluids,  are  only 
accidental  j  fo  that  their  Fluidity  cannot  be  ow¬ 
ing  to  any  continued  Motion  of  their  Parts.  Nor 
does  Fluidity  feem  fo  much  to  confift  in  a  con- 
flant  and  adtual  Motion  of  Parts,  as  in  a  con- 
frant  and  actual  Mobility,  or  a  Difpofition  to 
be  eafily  mov’d.  '  '  ’  ■ 

The  more  perfedt  a  Fluid  is,  the  more  eafily 
•will  it  yield  to  all  Imprefiions;  and  the  more  ea¬ 
fily  will  the  Parts  unite  and  coalefce,  when  fe- 
parated.  A  perfedt  Fluid  is  that,  whofe  Parts 
are  put  into  Motion  by  the  leajl  Force  imagin¬ 
able  :  An  imperfedt  one  is  that,  whofe  Parts  yield 
to  a  Jinall  F orce,  not  the  leajl,  ’Tis  probable. 
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that  in  Nature  there  is  no  perfed:  Fluid ;  fince 
we  fee  that  the  mutual  Attradion  of  the  Parts 
of  all  the  Fluids,  fubjed  to  our  Experiments, 
renders  them  cohefive  in  fome  Degree ;  and  the 
more  they  cling  together,  the  lefs  perfed  their 
Fluidity  is.  If,  for  inftance,  a  Glafs  be  fill’d 
with  Water  above  the  Brim,  it  will  vifibly  rife 
to  a  convex  Surface,  which,  was  it  a  perfed 
Fluid,  free  from  either  Tenacity  or  Coliefion, 
would  be  impoffible. 

Mercury,  the  moft  perfed  Fluid  we  know, 
is  not  exempt  from  this  Attradion ;  for  fhould 
the  Bottom  of  a  flat  Glafs,  having  a  gentle  rifing 
toward  the  Middle,  be  covered  thin  with  Qmck- 
filver,  a  little  Motion  of  the  Machine  v/ill  caufe 
the  Fluid  foon  to  feparate  from  the  Middle,  and 
he  round  it  like  a  Ring,  having  Edges  of  a  con- 
fiderabie  Thicknefs,  ' 

But  if  a  like  Quantity  thereof  be  poured  in¬ 
to  a  golden  Cup,  it  will,  on  the  contrary,  appear 
higher  confiderably  on  the  Sides  than  in  the 
Middle.  Which  may  proceed  in  part,  perhaps, 
irom  the  Gold’s  being  of  great  Denfity,  and 
therefore  capable  of  exerting  thereon  a  greater 
Degree  of  Attradion  than  other  Metals.  Pro¬ 
bably  too  it  may  happen  from  its  having  Pores 
of  an  apter  Difpofition  and  Magnitude  to  receive 
the  minute  Mercurial  Particles,  than  thofe  of 
Iron,  and  fome  other  Metals ;  and  therefore  the 
Attradion  of  Cohefion  in  this  Experiment  may 
obtain  alfo :  And  every  one  knows  how  eafily 
thefe  two  Bodies  incorporate,  and  make  a  perfed 

Arnal- 
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Amalgama.  But  the  Reafon  commonly  given 
for  the  two  laft  Phsnomena  is,  that  Mercury, 
in  the  firft  Cafe,  attracts  itfelf  more  than  it  does 
Glafs  j  and,  in  the  laft  Cafe,  Mercury  attracts 
Gold  more  than  it  does  itfelf. 

O  UR  Sir  Isaac  Newton  was  no  doubt  a 
Prima-materialijl,  and  held  all  Matter  to  be  ori¬ 
ginally  homogeneous  ;  and  that,  from  the  different 
Modifications  and  Texture  of  it  alone,  all  Bodies 
receive  their  various  Structure,  Compofition  and 
Form.  In  his  Definition  of  a  Fluid,  he  feems 
to  imply,  that  he  thought  Fluids  to  be  compofed 
of  primary  Solids  •,  and,  in  the  Beginning  of  his 
Principia,  he  fpeaks  of  Sand  and  Powders  as 
of  imperfed:  Fluids. 

Bor  ELL  I  has  demonftrated,  that  the  confti- 
tuent  Parts  of  Fluids  are  not  fluid,  but  confiftent 
Bodies ;  and  that  the  Elements  of  all  Bodies  are 
perfedly  firm  and  hard.  The  Incompreffibility 
of  Water,  proved  by  the  Florentine  Experiment, 
is  a  fufficient  Evidence  allb,  that  each  primary 
Particle  or  Spherule  thereof  is  a  perfed  and  im¬ 
penetrable  Solid.  Mr.  Locke  too,  in  his  EU'ay 
on  Human  V^ide’rjianding^  admits  this  to  be  fo. 

This  famous  Experiment  was  firft  attempted 
by  the  great  Lord  Verulam,  who  inclofed  a 
C^antity  of  Water  in  Lead,  and  found  that  it 
inclin’d  rather  to  make  its  way  through  the  Pores 
of  the  Metal,  thaji  be  reduced  into  iefs  Com- 
pafs  by  any  F orce  that  could  be  applied.  The 
Academicks  of  Florence  made  this  Experiment 

after- 
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afterwards  more  accurately  with  a  Globe  of  Sil¬ 
ver,  as  being  a  Metal  lels  yielding  and  dudlile 
than  Gold.  This  being  fill’d  with  Water,  and 
well  clofed,  they  found,  by  hammering  gently 
thereon,  that  the  Sphericity  of  the  Globe  was 
altered  to  a  lefs  capacious  Figure  (as  might  geo¬ 
metrically  be  proved)  but  a  Part  of  the  Water 
always  fweat  through  its  Sides,  before  this  could 
be  obtained.  This  has  been  attempted  by  Sir 
Isaac  Newton,  and  fo  many  competent 
Judges,  on  Gold  and  feveral  other  Metals  fince, 
with  equal  fuccefs,  that  we  do  not  hold  any  Fluid 
in  its  Natural  State,  except  the  Air,  to  be  either 
comprefiible  or  elaftic. 

the  Hy  DROSTATICAL  PRINCIPLES 


Lthouh  the  Original,  the  Conftituent 


XX.  Parts  of  Fluids,  may  be  very  probably 
of  the  fame  Nature  with  thofe  which  conftitute 
other  Bodies,  and  eflentially  have  the  fame  Pro¬ 
perties  as  they ;  in  external  Forms  and  Circum- 
ftance,  we  fee  they  often  differ :  Since  fluid  Sub- 
ftances  frequently  become  confiftent  j  as  Water 
is  changed  into  Ice  j  the  Sap  and  Juice  taken  in 
by  the  F ibres  of  the  Root,  into  the  woody  Parts 
of  Trees,  ©e.  and  melted  Metals,  afford  In- 
flances,  that  fixed  Bodies  may,  in  the  like  man¬ 
ner,  be  made  fluid.  In  one  Circumflance  how¬ 
ever  all  material  Subfiances,  on  which  Experi¬ 
ments  have  been  made,  do  certainly  agree,  viz. 
they  cpnfifl  of  Particles  that  have  Weight;  and 


whatever 
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whatever  be  the  Form,  Texture  or  Dilpofition 
of  their  Parts,  their  Gravity  is  always  propor¬ 
tionable  to  the  Quantity  of  Matter  they  feverally 
contain.  This  is  an  univerfal  Property,  of  which 
Matter  is  not  to  be  deprived;  and  if  in  fome 
Fluids,  that  Gravity  does  not  immediately  ap¬ 
pear  to  Senfe,  ’tis  becaufe  the  lower  Parts,  by 
iuftaining  and  buoying  up  the  upper,  hinder  their 
Defcent :  Nor  will  it  follow,  that  becaufe  this 
Gravity  is  not  immediately  perceptible  by  us, 
that  therefore  the  Parts  of  Fluids  are  without 
Weight. 

Noth  ING  is  lefs  felt,  perhaps,  than  the 
W  eight  of  the  Air ;  but  yet,  if  we  exhauft  the 
Ah'  from  a  Veffel,  poife  it  at  the  Arm  of  a  fine 
Balance,  and  let  the  Air  into  it  again,  we  fliall 
find  that  Air  does  gravitate,  even  in  the  Air; 
and  that  the  Axiom  of  the  Schools,  viz.  That 
iEleme72ts  do  not  gravitate  in  their  prefer  Places^ 
that  is^  in  the  faine  Elements,  is  abfolutely  a 
Miftake. 

I N  like  manner  it  may  be  ihewn,  that  Wa¬ 
ter  gravitates  in  Water.  Take  a  Glafs  Bubble, 
and  fo  poife  it  with  Shot  till  the  upper  Part  flrall 
fwim  juft  level  with  the  Surface  of  a  Jar  ofV/a- 
ter;  hook  it  on  a  Horfe-Hair,  fixed  to  a  Ba¬ 
lance-Beam,  on  which  it  will  then  lay  no  Weight ; 
fill  it  with  Water,  and  a  Difference  of  Weight 
will  appear,  viz.  that  between  the  Weight  of 
the  Air  extruded,  and  that  of  the  Water  admit¬ 
ted  :  Wiiich  may  ferve  to  confirm  our  firff  Prin¬ 
ciple  in  Hydrostaticks,  namely,  That  all 

Parts 
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Parts  of  a  grofs  Fluid,  as  Water,  whatever  be 
their  Situation,  Circiimjiance  or  Pojition,  gravF 
tate,  and  are  heavy. 

And  fince  all  Fluids  have  Weight,  there  is  no 
room  to  doubt,  but  that  their  upper  Parts  con¬ 
tinually  gravitate  and  prefs  upon  the  lower ;  the 
Prefliire  whereof  is  always  in  diredl  Proportion 
to  the  incumbent  Matter,  or  to  the  Q^ntity 
of  the  Liquor  above  the  Parts  propos’d.  ’The 
higher  therefore  a  Fluid  is,  the  greater  is  its 
PreJJure  ;  7tot  only  on  the  Bottom  of  the  V ejfely 
but  alfo  on  the  Parts  of  the  intermediate  Fluid: 
W’^hich  is  our  fecond  hydroftatick  Principle,  of 
itfelf  llifficiently  evident 

Now  all  Quantities  of  a  Fluid  may  be  confi- 
der’d  as  divided  into  many  other  intermediate 
imaginary  Surfaces,  lying  parallel  to  the  upper 
and  nether  Surface  thereof,  and  to  the  Horizon. 
For  example;  take  a  long  Glafs  full  of  Wa¬ 
ter,  as  Fig.  I.  Plate  i.  which,  for  the  Sake  of 
Illuftration,  may  be  divided  by  Threads  at  equal 
Diftances ;  call  the  hrft  divilion,  A ;  the  fecond, 
B ;  the  third,  C ;  and  fo  on.  Suppofe  each  Di- 
vifion  contains  an  Ounce  of  Water,  the  Surface 
tlien  at  B,  will  be  prefs’d  by  one  Ounce ;  that  at 
C,  will  fupport  two ;  that  at, D,  three  Ounces; 
and  the  Bottom  will  lie  under  the  Weight  of  four 
Ounces  of  Water, 

Now,  whenever  a  Fluid  is  of  the  fame  kind, 
and  incompreffible,  it  will  be  of  equal  Denfity 
in  all  its  Parts,  which  will  all  therefore  continue 
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at  reft,  each  being  as  low  as  of  itfelf  it  can  be  i 
Since  ’tis  certain,  that  an  Impulfe  of  one  Ounce 
in  cannot  of  itfelf  defcend  and  dilplace  two 
ia  B ;  nor  can  two  in  S,  overcome  three  in  C  j 
nor  thofe  thruft  away  four  in  Z). 

A  N  D  as  a  Q^ntity  of  Water,  hydroftatically 
confider’d,  is  to  be  diftinguifh’d  by  imaginary 
Surfaces,  parallel  to  the  Horizon ;  it  may  be  alfo 
conceiv’d,  divided  into  imaginary  Columns,  per¬ 
pendicular  or  vertical  to  it,  in  manner  refembling 
a  Bundle  of  Reeds.  Thefe  being  all  of  the  lame 
Height  and  Weight,  will  always  prefs  equally 
upon  every  part  of  each  imaginary  fluid  Surface 
beforementioned,  and  caufe  them,  no  lefs  than 
the  upper  Surface,  to  lie  level  with,  and  parallel 
to  the  Horizon.  And  confequently,  if  a  Body, 
of  the  fame  fpecifick  Weight  with  a  Fluid,  be 
therein  immers’d,  ’twill  remain  in  any  part  there¬ 
of  indifierently,  and  keep  its  Place,  wherever  ’tis 
put. 

T  o  illuftrate  this,  let  us  imagine  a  Cubick 
Inch  of  any  Matter,  of  the  fame  fpecifick  Gravi¬ 
ty  with  Water,  put,  for  example,  nine  Inches 
under  the  Surface ;  the  imaginary  Surface  then 
beneath  it,  will  be  prefs’d  with  nine  Inches  of 
Water,  and  an  Inch  of  a  Body  Ipecifically  of  the 
fame  Weight  with  Water :  But  every  other  part 
of  that  Surface,  the  fame  in  Depth,  fuftains  the 
PrelTure  of  ten  Inches  of  Water ;  therefore  the 
laid  Inch  of  folid  Matter  will  there  lie  at  reft, 
and  neither  fink  or  rife. 


To 
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T  o  demonftrate  this  by  Experiment,  we  may 
charge  a  Glafs  Bubble,  made  of  Matter  fpecifi- 
cally  heavier  than  Water,  partly  with  Air,  and 
partly  with  Water,  that  it  may  become  equal  in 
Weight  to  a  like  Bulk  of  Water  with  itfelf.  If 
that  be  done,  ’twill  lie  indifferently,  either 
Top,  in'  the  Middle,  or  at  Bottom  of  a  Jar  of 
that  Fluid,  wherever  it  is  put.  And  thus  may 
our  third  hydroflatical  Principle  be  proved  ; 
namely,  ‘That  in  homogeneous  Fluids^  all  Parts 
are  naturally  in  a  State  of  Reji. 

Our  fourth  Principle  is.  That  the  lateral 
Prejfure  of  a  Fluid  is  equal  to  the  perpendicular^ 
For  as  the  Preffure  of  a  Fluid  againft  the  Bottom 
of  a  V effel,  is  proportion’d  to  the  Height  of  the 
Fluid  in  that  Veflel ;  fo  is  the  Prellure  of  a 
Fluid,  againft  every  Side  of  a  Vclfel,  in  a  like 
Proportion  to  the  Height  of  the  Fluid,  above 
the  Part  confider’d. 

Let  a  Vefiel  be  fuppos’d  fill’d  with  an  in- 
compreflible  Fluid,  having  no  Gravity,  and  this 
be  forced  down  with  a  proper  Pifton,  the  Fluid 
would  endeavour  to  fpread ;  but  being  confin’d 
by  the  Sides,  could  not.  The  Bearing,  in  this 
Cafe,  againft  all  Parts  of  the  Veffel,  muft  be 
juftly  equal  to  that  Force  wherewith  the  Pifton 
is  driven.  Suppofe  then  Gravity  reftor’d  to  the 
Fluid,  and  the  foremention’d  Preffure  continu’d, 
the  nether  Parts  will  then  fuftain  a  greater  addi¬ 
tional  Preffure  than  the  upper,  from  the  Gra¬ 
vity  reftor’d;  and  that  in  Proportion  to  the 

Height 
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Height  of  the  Fluid  above  the  Part  affign’d, 

Th  IS  Propofition  may  be  tolerably  well  de- 
monftrated  by  a  VelTel,  having  a  Hole  of  a  cer¬ 
tain  Bignels  in  the  Bottom,  and  another  of  the 
fame  Dimenfions  as  near  the  Bottom  as  may  be, 
fill’d  with  Water  to  any  Height ;  let  the  Plugs  be 
pull’d  out  and  put  in  both  at  the  fame  time,  and 
if,  upon  Comparifon,  equal  Quantities  of  Water 
nearly  fiiall  have  been  yielded  by  them,  ’twill 
fhew  the  F orce  wherewith  it  ifliied  to  be  equal, 
and  fufficiently  confirm  our  fourth  Principle  in 
Hydroftaticks,  wz.  That,  at  all  Depths,  the  la~ 
teral  Prejfure  of  a  Fluid  is  equal  to  the  perpendi¬ 
cular. 

The  equal  Prefiixre  of  Fluids  againft  all  the 
Sides  of  a  containing  Veflel,  might  alfo  appear, 
by  freely  fufpending  a  deep  Veflel  of  Water,  not 
over-heavy,  by  a  String,  hanging  a  Plumb-line, 
alfo  at  Liberty,  parallel,  near  it  :  Upon  making 
a  Hole  in  the  Side,  the  Veflel,  which,  before 
fuch  Opening  was  made,  had  a  perpendicular 
Direction,  will  then  recede  from  it  j  the  lateral 
PreflTure  of  the  contained  Fluid  being,  on  the 
Side  of  the  Opening,  diminifh’d. 

The  Rifing  of  a  Rocket  in  the  Air  is  alfo 
occafion’d  by  a  like  Inequality  of  Preflure.  The 
Gunpowder  being  fet  on  Fire,  turns  to  a  very 
elaftic  Vapour,  whofe  Parts  endeavour  to  recede 
from  each  other  equally  every  way.  As  the 
Cafe  is  clofe  {hut  above,  and  open  where  the 
Flame  ifllxes  below,  it  is  lefs  prels’d  a  great  deal 
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by  the  Air  about  it,  than  by  the  Rapidity  of  the 
Flame,  bearing  againft  the  Sides  and  Top  of  the 
Rocket  within  j  v/hich  Difference  of  Preffure 
has  fometimes  carried  a  welhmade  Rocket,  of 
no  more  than  two  Ounces  in  Weight,  four 
hundred  Yards  high,  with  as  much  Thread  veer’d 
out  at  the  Tail  as  determin’d  the  Quantity  of  its 
Rife.  F or  the  fame  Reafon,  in  the  Difcharge  of 
a  Cannon  the  Force  of  the  Powder  adting  a- 
gainft  the  Breech  of  the  heavy  Gun,  and  not 
being  counterpois’d  with  an  adequate  Preffure 
forwards,  lends  out  the  Ball,  v/ith  a  precipitate 
V elocity :  And  if  the  Charge  of  Powder  be  over¬ 
great,  or  the  Piece  not  truly  bored,  it  then  com¬ 
monly  recoils,  upon  the  fame  Account. 

In  Fluids  at  reft,  each  imaginary  Surface  is 
every  where  equally  prefs’d  j  and  v/henever  it 
happens  otherwife,  the  imaginary  Surfaces  moft 
prel^d,  will  give  way  and  retire,  and  thole  lefs 
prefs’d  will  be  forced  upv/ards  and  rile.  The 
finking  of  a  Stone  in  Water,  is  an  Evidence  of 
the  one ;  and  the  fwimming  of  a  Cork,  an  In- 
ftance  of  the  other. 

But  to  demonftrate  this  Matter  plainer.  Take 
a  Tube  of  Glafs,  an  Inch  or  more  in  Diame¬ 
ter ;  tie  a  pliant  Bladder  loofely  over  the  End, 
and  put  it  down  any  Depth  in  a  Jar  of  Water*. 
So  long  as  the  imaginary  Surface  of  the  Water, 
at  the  End-  of  the  Tube,  is  lefs  prefs’d  by  the 
Atmofphere  within,  than  it  is  ellev/here  by 
the  Atmofphere,  and  a  Column  of  Water  of 
.equal  Length  with  the  immers’d  Part  of  the 

C  Tube, 


1 8  The  Motion  0/  F  l  u  i  D  s, 

Tube,  the  yielding  Bladder  will  be  pufhed  up¬ 
wards,  and  become  convex  within.  Let  Wa¬ 
ter  tbcii  be  poured  into  the  Tube,  to  the  lame 
Height  and  Level  with  the  upper  Surface  of  the 
Water  in  the  Jar,  the  imaginary  Surface  before- 
faid  being  then  equally  prefs’d  in  every  Part,  the 
Bladder  will  appear  level  j  but  fhould  the  Fluid 
in  the  Tube  be  raifed  above  the  upper  Surface 
of  the  Water  in  the  Jar,  the  imaginary  Surface 
beneath  the  Tube,  being  there  harder  prefs’d 
than  in  any  other  Part,  the  Bladder  will  bag 
down,  and  become  convex  without. 

Once  more:  Take  a  Glafs  Tube,  and  luL 
pend  in  it  coloured  Water,  that  the  Effedl  may 
be  more  vilible ;  which  may  be  done,  provided 
the  Bore  be  not  over-large,  by  flopping  the  up¬ 
per  End  with  the  Finger.  The  Machine,  fo 
charged,  immerfe  to  any  Depth  in  a  Veflel  of 
clear  Water.  The  nether  End  of  the  Tube  will 
then  reach  to,  and  reft  on  an  imaginary  Sur¬ 
face,  by  which  ’twill  be  prefs’d  upward  with  a 
Force  juft  equal  to  the  V/eight  of  the  fmall 
Pillar  of  Water  thereby  thruft  away  and  dif- 
placed ;  but  every  other  Part  of  the  Surface 
will  be  prefs’d  by  collateral  fluid  Columns,  all 
of  equal  Weight  and  Altitude.  If  then  the 
Pipe  be  unftopped,  the  Air,  which  on  Immer- 
fion  reprefs’d  and  kept  the  Water  out,  will  be 
expell’d ;  and  the  Water,  being  the  weightier 
Fluid,  will  pufh  into,  and  rife  in  the  Tube  till 
it  is  of  a  juft  Level  with  the  reft  of  the  Water 
in  the  Vefiel.  Again,  if  this  Water  be  there¬ 
in  retain’d,  flopping  it  as  before,  on  bringing 


Natural  a7td  Artificial.  19 

the  lower  Orifice  of  the  Pipe  near  the  upper 
Surface  of  the  Water  in  the  Jar,  the  Fluid  will, 
when  the  Tube  is  unftopped,  immediately  fub- 
fide,  and  become  of  the  fame  Level  v/ith  the 
Water  in  the  VelTel :  Which  will  prove.  Fifthly, 
I'hat  if  any  Part  of  a  Fluid  be  more  prefsd 
than  another^  the  heavier  will  fnk  till  the  Equi~ 
poife  be ,  rejiored.  As  the  former  Experiment 
'  evinced,  Fhat  the  lighteji  Parts  of  a  Fluid,  or 
thofe  lefs  prefs’d,  will  rife  till  an  Equilibriw7i  is 
obtained,  if  nothing  obfiruB. 

I T  may  at  the  fame  time  be  farther  demon- 
ftrated,  that  the  lateral  PrelTure  of  Fluids,  and 
the  perpendicular  both  upwards  and  down¬ 
wards,  are  alfo  in  a  diredt  Proportion  to  their 
Heights,  by  Tubes  bent  to  favour  that  Inten¬ 
tion  j  as  in  Fig.  2.  Plate  i.  A,  B,  C,  D  : 
And  the  Efiedt  produced  will  on  Experiment 
be  the  fame  in  all,  proceeding  from  a  like  Caufe, 
viz',  the  equal  Gravitation  of  homogeneous 
Fluids,  which  exerts  itfelf  every  way,  and  every 
way  equally. 

This  may  be  farther  demonftrated,  by  co¬ 
vering  with  a  wet  Leather  a  fmooth  Weight  of 
Lead  of  any  regular  Thicknefs,  as  B,  Fig.  3. 
Plate  I .  made  to  fit  the  Mouth  of  a  large  Tube, 
as  Ay  to  which,  at  its  firft  Immerfion,  let  it  be 
kept  fo  clofe  as  to  admit  no  Water,  by  a  String, 
By  the  time  it  is  about  twelve  times  its  own 
Depth  under  Water,  it  may  be  let  go,  and  the 
Pulh  of  the  ¥/ater  upwards  will  fupport  it.  If 
it  be  put  lower,  it  will  adhere  more  ftrongly ; 

C  2  and 
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and  if  fliallower,  it  v/ill,  for  want  of  a  due 
Counterpoife,  fall  away. 

And  as  Bodies  heavier  than  Fluids  may  be 
thus  made  to  fwim  ;  fo  may  Bodies  lighter  than 
Fluids  be  retained  at  any  Depth  in  them,  pro¬ 
vided  they  cannot  infinuate,  and  get  beneath,  to 
force  them  up.  For  inftance,  a  round  Trencher 
will  remain  at  Bottom  of  a  Pail  of  Water,  equal 
to  itfelf  in  Diameter,  if  it  be  fo  fitted  as  that 
without  flicking  no  W^ater  can  get  under  it. 
And  a  flat  Glafs,  with  only  a  Drop  of  Oil  or 
ocher  Liquor  between,  will  remain  at  the  Bot¬ 
tom  of  a  jar  of  Mercury,  if  the  Bottom  be  flat 
alfo,  tho’  the  Glafs  be  fix  times  lighter  than  that 
Fluid,  Bulk  for  Bulk.  The  Oil,  &c.  put  be¬ 
tween  the  Glafs  Planes,  is  only  intended  to  fill 
Irregularities  and  Vacuities;  for  which,  were 
they  exadt  Planes,  there  would  be  no  occafion. 

One  general  Confequenee  of  our  Principles 
thus  proved  is,  That  Fluids  will  always  rife  to 
their  own  Level,  or  endeavour  fo  to  do.  This  is 
what  the  Ancients  were  ignorant  of ;  and  there¬ 
fore  they  ufually  built  Aquedudts  (vafl;  Rows 
of  Arches  one  above  another,  betvv^een  two  Flills, 
at  a  vail  Expence  of  Money,  Time  and  Labour) 
in  order  to  convey  Water  over  them,  crofs  the 
'Valley,  in  a  common  Channel.  This  is  now 
done  to  equal  advantage,  and  at  much  lefs  Ex¬ 
pence,  by  a  range  of  Pipes  laid  down  one  Hill 
and  up  the  other. 

An  Inflance  whereof  may  be. given  by  a  bent 

TubCj 
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Tube,'  a  Grane  or  Syphon  j  into  one  of  the  eo^ual 
Legs  whereof  if  Water  be  poured,  it  will  rife  to 
the  fame  Level  exactly  in  the  other.  The  Reafon 
is  obvious ;  In  the  Leg  A,  Fig.  4.  Plate  i .  there 
are  fuppofe  tv/o  Ounces  of  Water  endeavouring  by 
the  Power  of  Gravity  to  defcend  with  the  F orce 
of  2 ;  thefe  will  thruft  forward,  buoy  up,  and  fup- 
port  an  equal  Quantity  of  a  like  Fluid  in  B  5  and 
the  Bottom  of  the  Machine  C,  againft  which 
both  Sides  equally  bear,  will  of  confequence 
fuftain  a  double  Preffure,  or  that  of  four  Ounces ; 
and  in  the  prefentCafe  will  pretty  well  reprefent 
the  Prop  or  fix’d  Point  of  a  Balance-beam ;  as 
the  equal  fluid  Columns  A  C,  and  B  C,  may  be 
admitted  to  denote  equal  Weights,  flilpended  on 
the  Balance-arms,  counterpoiling  each  other.  So 
that  the  Rife  of  Fluids  to  their  fiift  Level,  thus 
confider’d,  is  a  Cafe  truly  Statical ;  and  all  their 
other  Motions  proceed  only  from  Weight  added. 

The  Preffure  of  Fluids  is  in  Proportion  to 
their  perpendicular  Heights  only,  a?id  not  accord¬ 
ing  to  their  dluantity .  For  inftance:  There  can 
lie  no  greater  a  Preflure  againfl;  the  Dikes  drat 
fence  out  the  Sea  in  Holland,  or  againfl:  the 
Banks  of  the  Fharnes  or  the  'Danube,  in  calm 
Weather,  than  there  does  againft  the  Sides  of 
any  Veffel  hli’d  to  an  equal  I^epth  v/ith  the  Wa¬ 
ter  juft  mentioned ;  refped:  being  only  had  to 
the  Qi^ntity  of  the  Surface  fo  prelfed. 

To  demonftrate  this ;  Take  a  Glafs  VelTel  A, 
of  the  fanie  Bignefs,  or  cylindrical  from  Top  to 
Bottom,  Fig.  5.  Plate  i .  toward  tlie  lower  Part 

C  3  .  whereof 
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whereof  let  a  Glafs  Pipe  be  fix’d,  which,  by 
help  of  the  Joint  F,  will  be  capable  of  any  De¬ 
gree  of  Elevation.  Suppofing  the  Diameter  of 
the  Tube  but  the  hundredth  Part  of  the  Diame¬ 
ter  of  the  Jar  (the  Capacities  of  Circles  being  in 
Proportion  to  each  other  as  the  Squares  of  their 
Diameters)  the  Fluid  in  the  Pipe  will  be  but  a 
ten  thoufandth  Part  the  Quantity  of  that  in  the 
Jar  wherewith  it  communicates  j  and  yet,  if  the 
far  be  filled  to  any  Height,  the  Altitude  of  the 
Water  in  the  Pipe,  whether  eredt  or  inclined, 
perpendicularly  taken,  will  be  exadtly  in  the 
fame  Level  with  that  in  the  Jar,  and  always  lie 
in  the  Line  C  D.  Whence  kis  evident,  that  a 
fmall  Quantity  of  a  Fluid,  provided  it  be  equal 
in  Height,  is  able  in  certain  Circumftances  to 
counter-balance  any  Quantity  of  the  fame  Fluid ; 
and  the  Reafon  is  this : 

The  Bore  of  the  Pipe  of  Communication  is 
of  a  certain  Bignefs,  we  will  fuppofe  the  tenth 
of  an  Inch  in  diameter  j  by  the  Stmdture  of  the 
Machine  there  can  at  the  fame  time  prefs  no 
more  of  the  Jar^ water  againft  the  Orifice  there¬ 
of,  than  one  Pillar  equal  in  Height  and  Dimenr 
fions  to  the  Pipe  ;  and  it  was  before  demonftra- 
ted,  that  fuch  a  Pillar  will  drive  forward,  and  in 
the  fame  Level  fuftain  a  Pillar  of  Water  eqiial  in 
Weight  and  Size  to  itfelf :  Which  is  the  Caie  be¬ 
fore  us  exadtly.  And  did  the  tube  communicate 
vrith  the  main  Ocean,  the  EfFeft  would  be  Hill 
the  fame. 

Should  we  howeyer  fill  a  hundred  Inches 

of 
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of  our  Pipe  with  Water,  and  by  a  Cock  or  other 
Contrivance  admit  it  fingly  into  the  Jar,  twill 
raife  the  Fluid ‘  therein  only  one  tenth  of  an  Inch, 
and  this  ten  times  repeated  will  raife  it  only  an 
Inch.  But  on  the  contrary,  (hould  we,  by 
thralling  a  Pifton  or  a  tight  Cork  into  the  Jar, 
deprefs  the  Body  of  the  Fluid  therein  contain’d 
but  the  hundredth  Part  of  an  Inch,  the  Water 
would  thereby  be  forced  into  the  communicating 
Tube  to  the  Height  of  ten  Inches ;  and  by  a 
Hill  greater  Prefliire,  Ihould  it  be  funk  in  the 
Jar  a  tenth  of  an  Inch,  ’twould  rife  a  hundred 
Inches  in  the  Tube.  W^hence  it  appears,  that 
this  is  alfo  a  Cafe  nicely  Statical,  refembling  the 
Elfedl  produced  by  the  Steelyards  ;  on  which 
Machine  if  one  Pound  be  hung  at  the  difrance 
of  a  hundred  Inches  from  the  Fulcrum  or  Prop, 
it  will  counter-balance  and  to  a  Level  raife  a 
hundred  Pounds,  at  the  dillance  of  but  one 
Inch  5  and  juft  the  contrary.  For  to  make  the, 
larger  Weight  by  its  Rife  or  Fall  to  move  an 
Inch,  the  other  muft  traverfe  the  Space  of  an  hun¬ 
dred  Inches  ;  the  Velocities  of  the  Weights  being 
always  reciprocally  proportional  to  the  ^antities 
of  Matter  in  them  feverally  contained.  Whence 
it  in  general  follows,  that  the  PrelTure  of  Fluids 
is  always  truly  eftimated,  when  the  Perpendi¬ 
cular  Height  of  the  Fluid  is  multiplied  into  the 
Area  of  the  Surface  it  hears  or  prelTes  upon, 
whether  laterally  or  perpendicularly  conftder’d. 
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■The  H  YDROSTATICAL  ParADOX. 

A  Due  Gonlideration  of  the  laft-mentioned 
Cafe  gave  Birth  to  the  Hydroftatical  Pa¬ 
radox  ;  whereby  ’tis  afferted,  Phat  all  Fluids^ 
prejmg  according  to  their  perpendicular  Alti¬ 
tudes,  and  not  according  to  the  Bulk  or  ^anti- 
ty  oj^  their  Matter,  the  Prejjure  of  a  contained 
Fluid  againji  the  Bottom  and  Sides  of  the  con¬ 
taining  V fel  will  ahvays  be  proportionable  to 
the  Height  thereoj,  whatever  Form  it  be  cj  •,  and 
the  fame  as  if  it  was  really  of  the  fame  Bignefs 
from  Bottom  to  "hop.  To  explain  which,  -  take  a 
Cylinder  of  a  certain  Bafe,  that  will  hold  per¬ 
haps  a  Pint ;  as  A,  Fig.  6.  Plate  i .  ■  This  Vef- 
fel  being  fill’d,  the  Bottom  will  be  allow’d  to 
fuftain  the  whole  Weight  of  the  Fluid  therein 
contained  j  Gravity  adling  in  a  right  Line,  and 
perpendicularly.  Again,  take  another  VelTel  of 
equal  Fleight  and  Bafe,  partly  cylindrical,  and 
partly  flanch’d  oat  into  a  Portion  of  an  inverted 
Cone,  as  B  t  this  Vefiel  fuppofe  will  hold  a 
Qipart.  Then  take  a  third  Veifel  of  equal  Bafe; 
but  cylindrical  thereon  only  half  way ;  to  make 
it  hov/ever  of  equal  Height  v^ith  the''  other  two; 
let  a  Imall  Pipe  be  foder’d  into  the  Lid,  as  C : 
let  this  Vellel  contain  in  the  whole  but  half  a 
Pint.  If  thefe  be  leverally  filled  with  a  Fluid 
of  the  lame  kind,  v/e  fay  that  the  Bottoms  and 
Sides  of  each  of  thefe  lliall  be  prefled  thereby 

alike ;  and  beginning  with  the  fecond,  we  prove 
it  thus.  ■  ■ 


As 
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As  all  homogeneous  Fluids,  or  thofe  of  equal 
Denfity,  are  proved  by  our  third  Principle  to  be 
naturally  every  where  at  reft,  was  the  Tin-work 
of  the  cylindrical  Part  of  our  Vefiel  B  continued 
through  the  conical  Part  thereof  to  the  Top, 
according  to  the  prick’d  Lines  in  the  Draught, 
the  Fluid,  thereby  enclofed  would  be  juft  in  the 
fame  Circumftances  of  that  in  the  Veffel  A,  and 
then  the  Side-water,  contained  in  the  conical 
Part,  would  bear  againft  our  Cylinder,  fuppofed 
continued  to  the  Top,  as  if  the  Water  therein 
was  frozen  on  the  one  Hand,  and  the  Tin  Sides 
of  our  conical  Part  on  the  other,  according  to  the 
Height  of  the’  Fluid  between  them  contained. 
Imagine  then  the  Continuation  of  our  Cylinder 
removed, ;  or  the  Water  frozen  therein  to  thaw ; 
the  Prelfure  of  the  Side- water  would  then  lie 
againft  the  fluid  Cylinder  itfelf,  which  being  in 
all  Parts  of  equal  Weight  and  Moment  with 
itfelf,  will  be  thereby  fuftained  quiet  and  mo- 
tionlefs  in  its  proper  Place.  And  ’twill  be  fup- 
ported  on  the  other  Side,  in  like  manner,  by 
the  floping  Sides  of  the  Veftel,  which  being  ri¬ 
gid,  will  eafily  fuftain  the  Quantity  of  the  Pref- 
furc  made  perpendicular  thereon :  Nor  would 
the  Weight  on  the  Bottom,  or  againft  the  fix’d 
cylindric  Sides  of  this  Veffel,  be  at  all  encreafed 
by  the  Alteration  propofed. 

% 

It  muft  however  be  admitted,  that  as  there 
is  double  the  Q^ntity  of  Matter,  by  Suppofi- 
tion,  contained  in  a  Veffel  of  this  Form,  that 
was  in  the  Veffel  the  abfolute  Weight  of 

the 
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the  whole  together  will  be  proportionable  there¬ 
to.  But  then  it  mufl  be  conlidered,  that  this 
Incrcafe  of  Weight  and  Prefliire  affedts  only  the 
Ihelving  Sides  of  the  Vefiel  B  •,  and  as  thefe  by 
their  Difpofition  become  an  inclined  Plane,  they 
are  doubtlefs  made  to  bear  the  Difference  of 
Weight  propofed,  which  muft  be  thereby  com¬ 
municated  to,  and  fupported  by  the  upright  Sides 
of  the  cylindric  Part  of  whereon  they  reft  : 
But  on  Ae  Area  of  the  internal  Bafe  of  B,  and 
againft  the  Sides  of  the  Cylinder  within,  no 
more  Weight  is  laid  than  barely  that  of  the 
Height  of  the  Fluid  above  them. 


Let  us  next  confider  how  a  like  Prefliire 
may  be  made  on  the  Bottom  and  Sides  of  tl  ‘2 
Veifel  C,  containing  but  half  of  the  Fluid  in.^^, 
and  but  a  fourth  Part  of  that  in  B.  Suppofing 
the  Parts  of  a  Fluid,  as  doubtlefs  they  are,  glo¬ 
bular,  the  Particles  of  the  Water  will  be  well 
reprefented  by  the  Draught,  Fig.  Plate  i. 
wherein  ’tis  certain,  that  the  central  Column  A  B 
prefles,  according  to  our  fourth  Principle,  not 
only  perpendicularly  upwards  and  downwards, 
but  laterally  alfo,  and  in  every  Diredtion  alike  j 
and  confequently  all  the  Rows  of  Particles  lying 
next  the  Bottom  of  the  Veflfel,  muft  be  all  im- 
pell’d  thereby  equally  toward  the  Sides. 


To  prevent  Confufion,  let  us  diftindlly  con- 
hder  the  Effedl  of  this  PreiTure  on  one  fingle 
Rank  of  thefe  Particles,  which  may  be  applied 
in  like  manner,  to  the  reft.  The  lower  Parti¬ 
cles  then  of  the  Column  'A  B  gravitate  on  thofe 
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adjacent,  and  thruft  them,  for  example,  from  B 
towards  C.  At  C,  finding  themfelves  confin’d, 
their  Effort  will  not  there  ceafe,  but  be  tranf- 
ferr’d,  and  made  to  prefs  upward  toward  Z>,: 
againft  which  Part  of  the  Lid  a  Pufh  will,  be 
made,  juft  equal  to  the  Difference  of  the  Preflure 
of  the  two  Columns  confider’d,  viz.  A  E  and 
C  D  the.  firft  of  which  gravitates  with  the  F orce 
of  2,  being  fuppofed  twice  the  Height  of  C  D, 
which  therefore  prefles ,  but  with  the  Weight 
of  I,  The  Impulfes  being  yet  unequal,  will 
not  ftop  here ;  but  the  Particles  will  be  thereby^ 
laterally  pufhed  from  D  towards  E,  where  meet¬ 
ing  with  others  in  the  fame  Level  of  equal  Force 
and  Moment  with  themfelves,  will,  being  there 
equipoifed,  remain  at  reft.  . 

The  Gravity  then  of  the  Particles  contained 
in  the  central  fluid  Column  A  B,.  adling  againft 
the  Lid  of  the  Cylinder  in  every  Part,  and  the 
Lid  readting  in  like  manner  againft  the  whole 
Body  of  the  Fluid  below,  as  great  a  Preffure  is 
thereon  laid  as  if  the  Cylinder  had  been  conti¬ 
nued  to  the  Top  of  the  Pipe,  and  thereby  fill’d. 

O  N  pouring  Water  into  one  Leg  of  the  Sy¬ 
phon,  it  will  rife,  we  know,  to  the  fame  Level 
in  the  other.  This  may  be  applied  here,  by 
feppofing  a  Pipe  as  high  as  the  Neck  fix’d  in 
fe»me  Part  of  the  Lid  of  our  Cylinder,  as  at  D. 
On  opening  the  Plate  in  that  Place,  as  much 
of  the  Fluid  will  be  prelfed  up  immediately 
therein,  as  will  bring  it  to  a  juft  Level  with 
that  remaining  in  the  Neck  5  wliich  being  again 
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replenifhed,  the  other  will  alfo  be  filled.  Whence 
’twill  be  evident,  that  before  the  faid  Opening 
was  made,  the  Prefliire  beneath  the  Cover  of 
the  Cylinder  in  that  particular  Place,  was  equal 
to  the  general  PrelTure  by  the  middle  Column 
laid  on  every  Part  of  the  Surface  of  the  Fluid  in 
the  lame  Plane,  that  is,  in  the  Level  of  the 
Lid.  There  is  therefore  Reafon  to  believe,  that 
was  the  Lid  fet  entirely  full  of  fuch  Pipes,  the 
Fluid  in  the  Neck  of  the  Machine  would  de- 
Icend  in  like  manner,  and  fill  each  of  them 
equally  to  a  certain  Degree  :  This,  in  effedt, 
would  be  railing  the  Lid.  And  Ihould  the  Neck 
be  feveral  times  thus  fuccefiively  repleniflied,  it 
would  by  degrees  fill  them  all ;  which  is  much 
the  fame  thing  as  compleating  the  Cylinder,  and 
filling  it  up. 

A  lingle  Pint  of  Water  may  then  fo  dif. 
poled  as  to  be  of  equal  Force  and  PrelTure  with 
fome  Gallons ;  and  this  the  following  Experi¬ 
ment  will  put  pall;  all  Doubt. 

The  fmall  Quantity  of  Water  in  the  Tube 
F,  Fig.  Plate  I .  is,  we  know,  in  that  Situa¬ 
tion,  a  Counterpoife  to  ten  thoufand  times  the 
fame  Quantity  in  the  Jar.  This  may  alfo  be 
applied  to  the  folving  our  Hydrollatical  Paradox. 
Let  us  Hop  up  the  Mouth  of  the  Jar  with  a 
tight  Cork,  having  a  Glafs  Pipe  thru  11  therein, 
as  E,  by  which  with  a  Funnel  let  the  Jar  be 
gradually  filled  ;  as  the  Fluid  rifes  in  A,  ’twill 
advance  proportionably  in  F,  and  preferve  a  juft 
Level  in  both.  That 'don®,  proceed  to  replenilli 
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tlie  Tube  E  alfo,  and  the  Water  continuing  then 
to  rife  alio  equally  in  B,  will  demonftrate  that 
it  is  dill  impelled  by  the  lame  or  an  equal  Force, 
and  confequently  that  the  PrelTure  on  the  Bot¬ 
tom  and  againft  the  Sides  of  the  Jar,  is  the 
fame  as  if  it  were  lengthen’d  out  to  E,  and 
filled.  And  the  Experiment  fucceeding  on  a 
Veflel  of-  this  Shape,  leaves  no  doubt  but  ’twill 
always  do  fo  ;  fince  this  F igure  feems  to^  be  the 
leaft  advantageous  to  it  that  can  be  contrived. 

An  Experiment  to  the  like  Purpofe  might 
alfo  be  made  by  perforating  the  Bottom  of  two 
Veflels,  a  Cone  fuppofe  and  a  Cylinder,  both 
equal  in  Bafe  and  Height,  with  Holes  equal  in 
Diameter.  Let  them  be  kept  conftantly  filled  5 
unftop  and  ftop  them  both  at  the  lame  Inftant, 
and  they  will  be  found  both  to  have  difcharg’d 
equal  Quantities  of  Water  in  the  fame  Time. 
And  if  the  Efflux  of  fo  even  a  Fluid  as  Water, 
from  thefe  V efiels,  be  found  equal ;  the  impel¬ 
lent  Force,  by  wliich  it  is  pullied  forth,  may 
with  good  reafon  be  prefumed  equal  alfo. 

Here  indeed  it  may  be  objedled,  that  it  be¬ 
ing  mathematically  demonflrable,  that. a  Cylin¬ 
der  of  equal  Bafe,  and  of  the  fame  perpendicu¬ 
lar  Altitude  with  a  Cone,  is  in  Capacity  or  Con¬ 
tent  thereto  as  three  to  one.  And  Ihould  fuch 
a  Cone,  containing  no  more  than  two  Pounds 
of  Water,  have  its  Bottom  and  Sides  as  much 
prefled  thereby,  as  will  thofe  of  the  Cylinder 
by  fix  Pounds  of  that  Fluid  j  it  Ihould  fecm, 
that,  provided  the  Prefiure  of  the  Fluid  in  the 

con^ 
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containing  VelTels,  and  the  Weight  of  the  con¬ 
taining  Veflels  themfelves  was  alfo  equal,  their  ab~ 
folute  Weights,  when  full,  ought, to  be  equal  al¬ 
fo :  To  fuppofe  which,  in  a  Cone  and  Cylinder 
of  equal  Heights  and  Bafes,  would  be  abfurd. 

To  this  we  reply ;  That  the  abfolute  Weight 
of  Bodies  is  not  alfeded  by  their  interior  Dif- 
pofition  or  Circumftance :  For  though  the  Pref- 
ilire  on  the  Bottom  and  againft  the  Sides  of  the 
tapering  Velfel,  be  three  times  as  great  as  is  the 
Weight  of  the  Water  therein  contained  j  yet 
does  it  not  follow,  that  it  Ihould  be  three  times 
as  heavy.  For  a  Whalebone,  a  Spring,  or  any 
other  elaftic  Body,  much  bent  and  forced  into 
fuch  a  Velfel,  will  not  in  the  leaft  augment  its 
abfolute  Weight,  by  bearing  againft  the  Sides 
with  any  Force  whatever. 

■  jf 

In  like  manner  it  may  be  underftood,  that 
the  Water  included  in  a  conical  Velfel,  may  prels 
the  Bottom  and  Sides,  without  increaling  the 
politive  Weight  of  the  whole.  For  fuppoling 
the  Water  in  the  conical  Velfel  ABC,  Fig.  7. 
Plate  2.  divided  into  feveral  Fruftums  of  a  Cone. 
£,  F,  G,  parallel  to  the  Bafe  j  from  what  has 
been  faid,  ’tis  plain  that  the  Bottom,  B  C,  will 
be  as  much  prefs’d  by  the  Water  in  G,  with 
that  in  F,  affifted  by  the  Reaction  of  the  in¬ 
clined  Sides  A  B  and  A  C,  as  if  it  had  been 
continued  cylindrical  to  HI:  And  the  fame  hold¬ 
ing  good  with  regard  to  the  reft,  it  follows,  that 
againft  the  Bottom  and  Sides  of  the  Veffel  as 
great  a  Prelfure  will  be  made,  when  full  of  a 
,  *  ^  '  Fluid, 
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Fluid,  as  if  it  had  been  a  compleat  Cylinder, 
and  fill’d  up  to  K  L. 

It  may  perhaps  alfo  be  objedfed,  That  if  a 
’•Veflel,  having  a  Pipe  inferted  in  the  Lid,  and 
filled  with  Liquor,  fuffers  the  Preflure  fpoken 
of;  that  a  Pipe  of  the  fmallefi:  Diameter,  a  ca¬ 
pillary  Tube,  or  one  no  bigger  than  a  Hair, 
ought  to  produce  the  fame  F/ftedl  :  Which  is 
contrary  to  Experience. 

*  -  -  r 

To  this  we  anfwer:  That  the  Preflure  in  the 
Cafe  thus  propofed,  is  indeed  not  the  fame ;  and 
the  Reafon  is,  becaufe  all  our  Liquors  are  im- 
perfca  Fluids.  They  have  all  fqme  Tenacity, 
Attraflion,  and  Cohefion  in  their  Parts,  of  which 
they  cannot  be  divefted,  and  which  are  by  Ex¬ 
perience  found  to  prevail  very  much  where  the 
Tube  is  fmall,  that  is,  where  mofl:  of  the  Parts 
of  the  liquid  Column  rais’d  come  into  Contadl 
with,  or  touch  it ;  fuch  Tubes  therefore  fufpend 
and  even  raife  Water:  Whereas  in  thofe  of  a 
larger  Diameter,  and  fuch  wherein  the  Weight 
of  the  fluid  Body  over-powers  the  Attradlion  of 
the  Cohefion,  this  will  be  fcarcely  fenfible ;  and 
there  the  beforefaid  Experiment  would  have  its 
full  Effed:.  As  it  would  doubtlefs  alfo  have, 
even  in  the  Cafe  of  the  capillary  Tube,  if  Wa¬ 
ter  were  a  perfefl  Fluid,  and  there  was  no  At- 
tradrion  from,  the  Tube. 
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On  the  Attraction  of  Cohefon. 

IF  the  Bore  of  a  Pipe  be  even  an  eighth  of 
an  Inch  in  Diameter,  the  Attraction  fpoken 
bf  will  be  very  apparent :  For  on  immerfing 
the  End  in  fome  Fluid,  and  taking  it  out  again, 
a  great  Part  indeed  will  quit  the  Tube  ;  but 
Ibme  will  ftill  remain,  and  hang  therein.  And 
if  we  take  feveral  fmall  Glafs  Tubes  different 
in  Size,  and  immerfe  them  together  in  Liquors, 
thofe  of  the  fmalleft  Bore  will  attracfl  the  Fluid 
moft,  and  it  will  be  found  therefore  always  to 
Hand  the  higheft  in  them. 

The  fame  Caufe  which  inclines  Fluids  to  rife 
in  fmall  Tubes  above  the  Level  of  the  reft,  which 
they  very  notably  do,  makes  them  afcend  alfo 
in  the  Filaments  or  Threads  of  Cloth,  in  the 
way  of  Filtration  j  which  fooner  takes  effecft  if 
the  Pores  of  the  Cloth  be  firft  filled  with  Li¬ 
quor.  The  Cells  of  Bread,  Sugar,  and  other  po¬ 
rous  Subftances,  for  a  like  Reafon  imbibe  Fluids 
plentifully';  in  which  they  rife,  againft  the  Di¬ 
rection  of  Gravity,  for  the  Reafon  juft  affigned. 

This  Attraction  will  be  very  notable  in  an 
Experiment  upon  a  Crane  or  Syphon  of  a  fmall 
Bore.  If  one  of  the  Legs  of  this  Machine  be 
immers’d  in  a  Jar  of  Water,  the  Fluid,  as  in 
fmall  Tubes  it  does,  will  rife  therein,  and  fen- 
fibly  ftand  fomething  above  the  common  Level 
of  the  reft ;  And  if  the  Jar  be  filled  quite  to  the 

Brim, 
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Brim,  the  Difference  fpoken  of  will  take  place 
in  the  Bend  of  the  Syphon  ;  which  when  it  fliall 
have  part  ever  fo  little,  (and  if  the  Tube  he  firft 
wetted  within,  this  will  foon  happen)  Gravity 
will  then  lay  hold,  and  puffing  out  the  Air  be¬ 
fore  it,  bring  it  down  ;  after  which  the  Water 
will  continue  to  rife  through  the  Bore  of  the 
Machine,,  like  a  continued  Thread,  till  it  ffall 
have  emptied  the  V effel  to  the  Depth  of  the 
immers'd  Leg  ;  the  Real'on  whereof  comes  next 
to  be  enquired  into.  But  previous  to  this,  the 
Ipecifick  Gravity  of  Fluids  ought  a  little  to  be 
conlider’d. 

On  Specifics  Gravity. 

AS  an  equal  Bulk  of  a  heavier  Fluid  will 
link  in  a  lighter  with  a  Force  proportio¬ 
nable  to  the  Difference  of  their  Weights ;  lb 
will  a  lighter  counterbalance,  reprefs,  and  even 
raife  a  heavier,  provided  a  proportionable  Quan¬ 
tity  thereof  equal  or  fuperior  to  it  in  Weight,  be 
to  that  Purpole  applied. 

For  inftance;  Water  is  heavier  than  Oil, 
in  the  IProDortion  of  about  1 1  to  10,  that  is  to 
fay,  eleven  Inches  of  Oil  equipoife  ten  of  Wa¬ 
ter  }  Water  therefore  will  link  in  Oil  j  and  on 
the  contrary.  Oil  in  Water  will  fwim.  Now 
as  ten  Inches  of  Water  are  m  Eqiiilibrio  with  ele¬ 
ven  Inches  of  Oil,  if  a  Tube  with  Water  in  it, 
be  put  level  with  the  upper  Surface  of  a  Jar  of 
Oil,  about  a  tenth  bf  it  will  drop  out  and  fink  5 

P  the 
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the  reft  will  be  buoyed  up,  and  remain  juft  rup--- 
ported  therein.  And  fhould  the  like  Experiment 
be  made  on  Water,  having  Oil  in  the  Tube,, 
the  Oil  will  be  buoyed  and  weighed  up  above 
the  Surface  of  the  Water  about  a  tenth  Fart, 

Mercu  R  Y,  again,  is  near  fourteen  times 
heavier  than  Water ;  yet  when  we  fufpend  a  lit¬ 
tle  of  it  in  a  fmall  Tube  (as  by  ftopping  out  the 
Air’s  Preflure  at  Top  may  with  Care  be  done) 
on  putting  it  about  fourteen  times  it’s  own 
Depth  in  Water,. ’twill  not  drop  out  of  the  TubCj 
when  unftopp’d  above  j  but  if  it  be  put  deeper^ 
will  be  raifed  therein,  and  if  brought  Ihallower, 
v.dll  drop  out,  according  as  the  imaginary  Sur¬ 
face  of  the  Fluid  beneath  the  Tube  fhali.be 
more  or  lefs  prefs’d  by  the  Weight  of  Mercury, 
than  the  other  Parts  of  it  are  by  the  collateral 
Pillars  of  the  Fluid,  wherewith  it  k  in  thefe  Ex¬ 
periments  compared. 

On  the  S  y  p  H  o  n. 

IF  a  fmall  Syphon,  whofe  Legs  are  of  equal 
Length,  be  fill’d  with  Water,  and  turned 
downward,  the  Fluid  will  not  ran  off,  but  re¬ 
main  fufpended  therein,  fo  long  as  it  is  held  ex- 
ad-ly  level :  But  when  an  Inclination  to  either 
Leg  is  given,  whereby  one  in  effed  becomes 
fliorter  than  the  other,  the  Water  will  flioot  out 
by  the  kng;r  Leg  forthwith. 


The 
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The  Air  is  a  Fluid  whofe  Denfity  near  the 
Surface  of  the  Earth  is  experimentally  found  to  be 
to  that  of  Water,  at  a  Medium,  as  i  to  850  ;  To 
that  eight  hundred  and  fifty  Gallons  of  Air,  near 
the  Earth,  weigh  as  much  as  a  Gallon  of  AVater. 
This,  according  to  the  Nature  of  all  other  fluid 
Bodies,  prefles  the  Surface  of  all  Things  expos’d  to 
it  every  way  equally.  When  therefore  the  Legs 
of  the  Syphon,  equal  in  Length,  are  turned  down, 
(the  Weight  of  the  Atmolphere  above  being 
kept  off  by  the  Machine)  the  under  Air,  bearing 
againft  and  repreffing  the  Water,  endeavouring 
to  fall  out  of  either  of  them,  with  equal  Force, 
keeps  it  in  fufpence,  and  prevents  its  Motion. 
But  when  by  inclining  it  to  either  Side,  we  in 
Effedl  Ihorten  one  of  its  Legs',  and  prolong  the 
other,  whereby  an  Advantage  is  given  to  the 
weightier  T  luid  to  preponderate  or  over-weigh  j 
then  indeed  the  Water  begins  to  defcend,  and 
by  ite  Continuity  brings  aWay  the  whole: 
Juft  ks  prilling  by  one  End  of  a  Thread,  will 
make  the  whole  Clue  follow. 

And  to  obferve  how  fmall  an  Inclination  will 
ferve  this  Purpofe,  one  need  only  take  a  couple 
of  Jfirs  full  of  W^ater,  and  hang  aTinall  Syphon, 
whofe  Legs  are  of  equal  Length,  upon  the  Edge 
of  one ;  the  external  Leg  v/hereof  will,  from  the 
Hoping  of  the  Jar,  naturally  incline  a  little,  and 
the  Syphon  will  foon  begin  to  aa,  by  the  Attrac¬ 
tion  of  Cohefion  before-mentioned;  then  tak¬ 
ing  it  on  the  Edge  of  the  other  Jar,  the  like  will 
immediately  happen :  And  thus  redprccally 

^  may 
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may  the  Eft'edt  be  produced,  as  often  and  as  fud- 
denly  as  you  pleafe. 

And  hence  the  Reafons  why  in  Pi'adlice  the 
Legs  of  the  Syphon  are  ufually  made  of  un¬ 
equal  Lengths  ;  and  why  the  Ihorter  Leg  is  put 
into  the  Liquor,  and  the  Fluid  decanted  by  the 
other,  will  in  part  appear. 

,  ’T I  s  evident  from  what  has  been  faid,  that 
the  two  Legs  of  the  Syphon,  Fig.  8.  Plate  i. 
being  of  equal  Length  in  the  Plane  A  B,  are 
there  equally  repreffed  by  the  Atmolphere  ;  and 
was  the  Crane  fill’d  with  Liquor  only  to  that 
Height,  and  held  level,  no  Motion  of  the  Fluid 
would  follow,  till  an  Advantage  by  inclining  it 
fhould  be  given  as  beforefaid.  Inftead  of  which 
a  Length  of  Pipe,  of  fome  Inches  perhaps,  'as 
from  B  to  C  in  the  Figure,  is  commonly  add¬ 
ed  to  thefe  Machines,  which,  previous  to  the  O- 
peration,  is  ordinarily  fill’d  as  well  as  the  reft  with 
a  grofs  Fluid,  many  Degrees  heavier  than  a  like 
Quantity  of  Air,  wherewith  it  is  then  compared  j 
by  the  Gravity  whereof  the  oppofite  Side  be¬ 
comes  greatly  over-balanced  :  And  therefore  Li¬ 
quors  are  by  this  Machine  ufually  decanted  a- 
pace,  and  with  a  good  deal  of  Rapidity. 

But  as  the  Air’s  Preflure  is  a  Thing  in  this 
Treatife  as  yet  not  fully  proved,  it  may  not  be 
amifs  in  this  Place  to  make  an  Experiment, 
which  may  fliew  the  Adlion  thereof  on  the  Sur¬ 
face  of  the  Fluid  raifed,  by  fubflituting  a  vifible 
SubRancCj  viz.  Oil  of  Turpentine,  in  its  room  5 

■  wherein 
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^wherein  KL,  Fig.  3.  Plate  3  Js  a  large  glafs  Jar, 
capable  of  receiving  thefollowing  Apparatus,  W2;. 
A  B,  which  is  a  fmaller  Jar  of  ting’d  Water 
heavier  than  Oil,  and  G  U  an  empty  Jar,  into 
which  the  red  Liquor  between  A  and  C  may  be 
decanted  by  means  of  a  Syphon  whole  Legs  are 
unequal,  forUfe,  asabovelaidj  in  the  Bend  where¬ 
of  is  an  open  'Tube  fix’d,  as  EF.  The  tinged 
Water  willathrfl  naturally  rife  by  its  own  V/eight 
from-C  to  I.  Tlien  let  Oil  of  Turpentine  he 
gently  poured  into-  K  L,  after  G  li  has  been  fill’d 
therev/ith,  and  the  tinged  W ater  will  at  length 
be  raifed  to  the  Bend  at  £,  by  the  PrelTure  of 
the  Oil  ftill  lying  one  tenth  above  it,  as  fuppofe 
in  the.Level  of  N M.  The  Air  at  firft  contain’d 
in  the  Syphon,  will  be  gradually  protruded  from 
either  Leg,  through  the  Tube  above  at  F],  The 
Water  then  being  a  Fluid  fpecifically  heavier 
than  the  Oil  with  which  it  then  meets,  will  fink 
down  the  Tube  ED,  and  in  Time  the  ting’d  Li¬ 
quor  between  A  and  C,  will  be  decanted  into 
GH,  occupying  the  Space  DH.  And  thus  will 
the  Principle  on  which  the  Syphon  adts,  be  con¬ 
firmed,  by  the  Adtion  of  two  vifible  Fluids,  diL 
ferent  in  Weight,  upon  each  other. 


The  Way  of  making  this  Experiment  with 
befl  Succefs,  will  be  to  flop  the  End  of  the 
Tube  at  F',  before  either  of  the  two  Liquors 
come  up  to  the  Bend,  left  the  Oil,  being  the 
lighter  Fluid,  might  by  rifing  falter  in  D£,  thari 
will  the  Water  in  EC,  and  which  by  taking  Place 
in  the  Bend-,  might  there  fo  gravitate  thereon, 
as  abfojutely  to  prevent  the  rifing  of  the  Water 

P  3  thither 
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thither  at  all.  But,  by  the  Way  now  propofed, 
on  removing  the  Finger  fuddenly,  the  Air  com- 
preffed  in  F  will  partly  efcape,  and  the  two  Li¬ 
quors  thereupon  meeting  fairly,  with  a  kind  of 
Shock,  the  more  ponderous  will  link  through 
the  others  and  produce  the  Effedt  delired. 

On  the  S  y  p  H  o  n  difgutfed. 

Before  we  proceed  farther  on  this  Sub- 
jedl,  let  us  attend  to  fome  of  the  Varieties 
in  which  the  Syphon  may  appear.  It  may,  for 
example,  be  difguifed  in  a  Cup,  from  which  no 
Liquor  will  flow  till  the  Fluid  is  railed  therein  to 
a  certain  Height ;  but  when  the  Efflux  is  once 
begun,  ’twill  continue  till  the  Veflel  is  emptied. 
For  inhancej  Fig.  9.  Flate  i.  is  a  Cup,  in  the 
Center  whereof  is  fixed  a  glafs  Pipe  A,  conti¬ 
nued  through  the  Bottom  at  A,  over  which  is  put 
another  glafs  Tube,  made  Air-tight  at  Top  by 
means  of  the  Cork  at  C  j  but  left  fo  open  at  Foot, 
by  Holes  made  at  Z>,  that  the  Water  may  freely 
rife  between  the  T ubes  as  the  Cup  is  fill’d.  Till 
the  Fluid  in  the  Cup  fflall  have  gained  the  Top 
of  the  inmoll:  Pipe  at  A.,  no  Motion  will  ap¬ 
pear  :  The  Air  however  from  between  the  two 
Pipes,  being  in  the  mean  time  extruded,  by  the 
Rife  of  the  denfer  Fluid,  and  palling  down  the 
inner  Tube,  will  get  away  at  Bottom,  and  the 
Wate  r,  as  foon  as  the  Top  of  the  inclofed  Tube 
firall  be  covered  thereby,  will  very  foon  follow, 
and  continue  to  rife  in  this  Machine,  as  in  the 
Syphon,  till  the  whole  is  run  off. 

Thi§ 


Natural  and Krtivicial,  39 

Th  IS  is  called  by  fome,  a  Tantalus'  Cup ;  and 
to  humour  the  Thought,  a  hollow  Figure  is 
fometimes  put  over  the  inner  Tube,  of  fuch 
Length,  that  when  the  Fluid  is  got  nearly  up 
to  the  Lips  of  the  Man,  the  Syphon  may  begin 
to  ad:  and  empty  the  Cup, 

This  is  ineffed  no  other  than  if  the  two 
Legs  of  the  Syphon  were  both  within  theVeffel, 
Plate  I.  Fig.  10.  in  which  the  Water  poured 
in  will  rife  in  the  Ihorter  Leg  of  the  Machine, 
by  its  natural  Preffure  upwards,  as  high  as  its 
own  Level  ;  and  when  it  fliall  have  gain’d  the 
Bend  of  the  Syphon,  it  will  come  away  by  the 
longer  Leg,  as  already  deferibed.  An  Apple, 
ail  Orange,  or  any  other  Solid,  may  be  put 
into  the  Veffel  to  raife  the  Water,  when  it  is 
near  the  Bend,  to  fet  it  a  ranning,  by  way  of 
Amufement. 


There  are  other  artful  Ways  of  diverffying 
and  concealing  the  Syphon,  to  make  its  Effeds 
appear  the  more  ftrange  andamufing ;  but  as  they 
all  depend  on  the  fame  principle,  ’twill  be  fuf- 
ficient  only  to  deferibe  one  of  the  bed.  Let  the 
Handle  of  the  Cup,  Fig.  1 1 .  Plate  i .  be  hollow  ; 
let  the  Tube  CD,  ferewed  therein,  communi¬ 
cate  freely  v/ith  the  Water  poured  into  the  Cup, 
that  it  may  rife  equally  in  both.  Being  once 
above  the  Level  E  D,  ’twill  overflow,  and  de- 
feending  through  the  Cavity  DB,  will  empty 
the  Cup  of  its  Liquor. 


40 
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On  Natural  Syphons. 

O  O  M  E  uncommon  Phaenomena  in  Nature 
F3  may  be  accounted  for  upon  the  fame  Prin-. 
cip!e.  There  is  a  Pond  near  Gravefend  in  Kent^ 
out  of  which  tlie  Water  adlually  ebbs  all  the 
Time  the  Tide  is  coming  into  the  adjacent  Ri¬ 
ver,  and  into  which  the  Water  flows  during 
the  Time  that  the  Tide  is  going  out  of  the 
Thames, 

This  Appearance  is  occafioned,  no  doubt, 
from  there  being  foniewhere  in  the  Bank  a  fub- 
terranean  Refervoir,  equal  in  Capacity  to  the 
whole  Rife  and  Fall  of  the  Water  in  the  Pond. 
This  Refervoir,  when  empty,  may  not  improba-. 
bly  be  fill’d  from  the  River,  pretty  near  the  Top 
of  the  Tide,  through  fome  proper  Channel  in 
the  Bank. 

Between  this  Refervoir  and  the  Pond, 
from  the  accidental  Difpofition  of  the  Parts  of 
Matter  in  that  particular  Place,  there  may  very 
probably  be  fome  natural  Syphon,  whofe  Bend 
lying  fomething  lower  than  the  Surface  of  the 
Water  in  the  Refervoir,  when  full,  may  by  the 
Rife  of  the  Water  therein,  have  the  Air  pro- 
truded  from  the  fliorter  Leg;  and  when  the  Wa¬ 
ter  is  once  above  the  Bend,  ’twill  foon  fhoot 
down  and  difpoiTefs  the  longer  of  it.  The  Sy-? 
■phon  will  thereupon  begin  to  aff,  and  may  con¬ 
tinue  thereby  to  replenifli  the  Fond  during  the 
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whole  Tide  of  Ebb,  by  which  Time  the  Refer- 
voir  being  exhauftcd,  the  Syphon  will  gather 
Air,  and  ceafe  to  ad, 

Th  e  Pond  being  thus  fill’d  to  a  certain  Height, 
■'tis  not  unlikely  but  that  a  fecond  natural  Sy¬ 
phon,  concealed  in  the  Earth  fomewhere  near 
the  Pond,  whofe  Bend  alfo  lying  foniething 
lower  than  the  Surface  of  the  Water  in  the  Pond, 
being  thus  replenifhed,  may  in  like  manner 
begin  to  ad,  about  the  Turn  of  the  Tide  in  the 
River;  and  continuing  fo  to  do  all  the  Tide  of 
Flood,  may  eafily  produce  the  odd  Phenomenon 
now  defcrib’d, 

There  is  alfo  a  Spring  in  Derbyjlnre,  called 
Wedding-Well^  or  Idydes-Wetl,  of  which  Mr. 
Cotton,  in  his  Defcription  of  the  Wonders  of 
the  Peak,  gives  the  following  Account. 

It  is,  fays  he,  a  fmall  and  to  Appearance 
an  inconfiderable  Spring  conftantly  rifing  at  the 
Foot  of  ah  Hill,  whidi  on  occafions,  after  a 
rumbling  kind  of  Noife  heard  as  under  Ground, 
flows  fo  briskly  as  to  make  a  pretty  fmart  Torrent. 
It  ufually  flows  in  this  manner  -'for  about  three 
Minutes,  and  ilfues  with  a  flnging  kind  of  Noilq 
refembling  the  playing  of  a  Jet-d’Eau. 

He  takes  Occafion  to  inform  us,  that  Mr. 
Hobbs  was  of  Opinion,  that  this  temporary  Flux 
could  not  proceed  from  the  Sea,  bccaufe  the  Wa¬ 
fer  was  intirely  freili ;  and  fuch  was  its  Irregu¬ 
larity,  that  it  could  not  be  under  the  Influence 
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or  the  Tides.  But  lays  he  conjectures,  that  in  the 
PalTage  of  the  Spring,  there  might  probably 
be  fome  narrow  Vent,  which  in  wet  Weather 
might  not  be  able  to  receive  all  the  Water  that 
came  down  ;  he  therefore  imagines,  that  the 
Air  there  pent  up,  might  alfo  by  endeavouring 
to  oppofe  its  Paflage,  caufe  it  to  heave  as  if 
convulled,  to  lie  as  it  were  gargling  there,  and 
fo  occalion  the  Noife  abovemen  tinned  under 
Ground. 

But  to  this  Account  Mr.  Cotton  himfelf 
objects.  That  was  this  the  Caufe  of  the  Appear¬ 
ance  before-cited,  it  would  never  happen  but 
in  wet  Seafons,  and  the  Water  would  alfo  be 
fometimes  thick  and  muddy ;  both  which  are 
obferved  to  be  contrary  to  F aCl  and  Experience. 

This  remarkable  Phenomenon  happens,  it 
mull  be  obferved,  at  a  great  dillance  from  the 
Sea,  and  much  above  it,  in  a  very  mountainous 
Country.  Now  tlie  Hills  generally  intercept 
the  humid  Particles,  or  the  Vapours  floating  in 
the  Air,  and  driven  by  the  Winds,  whether  it 
rains  or  not.  In  this  Country  there  are  feveral 
vail  Caverns  in  the  Belly  of  the  Hills,  found  to 
haveWater  continually  trickling  down  the  Rocks, 
as  well  within  tire  Earth  as  without.  In  the  Cafe 
before  us,  it  is  then  very  probable,  that  a  natural 
Refervoir,iiot  over  la  rge,  may  be  concealed  fome- 
where  within  the  adjacent  Hill,  and  fo  conveni¬ 
ently  placed  as  to  receive  the  defcending  Waters. 
This  being  fill’d  by  the  Drippings  beforefiid  to 
a  fit  Height,  fome  natural  Syphon  may  begin 

to 
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to  run,  and  the  Water  defcending  through  the 
Subterraneous  Vents,  ilTues  at  the  Place  as  there 
defcrib’d.  The  Syphon  perchance  happens  to 
be  large,  and  therefore  caufes  it  to  come  down 
briskly  as  in  a  Torrent.  Thus  upon  rational 
Principles,  and  with  great  Probability  may  be 
explain’d,  what  feem’d  fo  great  a  Difficulty  to 
Mr.  Cotton  and  Mr.  Hobbs. 

At  Lambourn  in  Worcejlerjhire^  again,  there 
is  a  Brook,  which  in  Summer-time  is  fiid  to  re¬ 
ceive  a  Flow  of  Water  fufficient  to  turn  a  Mill; 
but  during  the  Winter,  it  runs  with  a  very  in- 
confiderable  Stream.  ’Tis  probable  that  this 
proceeds  likewife  from  fome  very  large  fubterra- 
neous  Refervoir,  which  the  winter  Snows  and 
Rain,  in  a  Length  of  Time,  may  fill  to  a  certain 
Height ;  and  then  fome  large  natural  Syphon 
may  take  Eft'eCt,  and  bring  away  its  Water  in  a 
Stream  equal  to  the  Dimenfions  of  the  Bore. 
And  when  the  Refervoir  is  thus  exhautled,  whar 
runs  afterwards  may  be  no  more  than  the  Weep¬ 
ing  of  the  adjacent  Springs. 

Toe  Ufe  of  the  A  ir’s  Pressure  hi 

7'aijing  Fluids. 

BEf  ORE  we  leave  this  Subjedt,  we  ought 
to  be  fatisfied,  That  ’tis  the  Air’s  Preffure 
on  the  Surface  of  Fluids  which  principally  makes 
them  rife  in  the  Syphon.  This  Machine  we  are 
to  obferve  is  always  to  be  Air-tight ;  otherwife 
the  Air  admitted,  though  never  fo  fimall  in  Quan¬ 
tity, 
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tity,  being  of  the  fame  Deniity  with  that  adja¬ 
cent,  will  counter-balance  the  Weight  of  the 
Atniofphere  ading  upon  the  Surface  of  the 
Fluid  to  be  decanted,  and  immediately  caufe  the 
Motion  to  ceale.  1  o  demonftrate  this,  we  need 
only  take  out  the  Cork  C,  Hopping  the  exterior 
Tube,  when  the  Syphon  of  our  ^Tantalus'  Cup, 
Fig.  9.  Plate,  i.  is  in  Adion,  and  the  Flux 
will  tliereupon  immediately  ceale. 

Th  is  may  be  farther  evinced,  by  running  oH' 
a  Pnial  of  Mercury  through  a  Syphon  fix’d  into 
the  Cork,  into  which  a  lliort  'Qmll  is  alfo  put, 
by  way  of  Ventage,  to  let  in  the  Air,  and  con¬ 
tinue  the  Preffure  of  the  Atmolphere  fucceffive- 
ly  on  the  Surface  of  the  decanted  Fluid.  So 
long  as  the  Quill  remains  open,  the  Mercury 
will  run  off  vrith  great  F reedom  j  it  can  no 

fooner  be  Hopp’d,  but  the  Flux  of  the  Fluid 
will  be  fo  too.  ' 


I  T  will  not  be  unacceptable  to  the  Curious 
neverthelefs  to  intimate.  That  however  the  Air’s 
Preffure  be  the  true  and  general  Caufe  of  the 
Rife  of  Liquors  in  the  Syphon,  yet  will  they 
alfo  rife,  under  certain  CircumHances,  and  to 
certain  Limits,  in  Vacuo,  v/hen  that  Preffure  is 
withdrawn.  This  has  been  already  hinted  to 
be  owing  to  their  being  imperfed  and  tenacious 
Fluids,  fubjed  to  the  Attradion  of  Cohefion, 
which  between  fome  Bodies  is  more  prevalent, 
between  others  lefs.  And  this  may  be  ealily 
try  d  on  a  Jar  of  Water,  by  a  fmall  Syphon  in 
V acuo^  and  from  -the  Difcharge  then  made,  a 

lud 
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Judgment  may  be  formed  how  great  the  Tena¬ 
city  of  Water,  and  what  the  Attradtion  of  the 
Glafs  thereon  is  :  For  was  it  a  perfedt  Fluid, 
and  the  Attfaclion  away,  it  could  not,  in  Facuo^ 
be  fuppofed  to  rile  or  run  at  all. 

The  Way  of  making  this  Experiment  with 
Succefs  is,  not  abfolutely  to  fill  the  Vefiel  brim¬ 
ful  of  Water  at-firH;  but,  by  help  of  a  Wire 
pafling  through  a  Collar  of  Leathers,  rvhen  the 
Air  is  pretty  well  exhaufbed,  let  down  fomething 
folid  into  the  Water,  which  may  raife  it  to  the 
Brim,  and  fet  the  Syphon  a  running.  By  this 
the  Liquor  may  be  decanted  nearly  perhaps  to 
the  Depth  of  the  Leg  immers’d,  provided  the  Sy¬ 
phon  be  very  fmall ;  If  it  is  any  thing  large, 
this  will  never  happen  in  any  Degree. 

The  like  may  be  try’d  upon  Mercury,  by 
help  of  an  Apparatus  that  will  keep  the  Syphon 
from  fwimming.  This  may  be  effeaed  by  fixing 
a  piece  of  a  ftrong  wooden  Tube,  exaftly  fit¬ 
ting  the  upper  Part  of  your  glafs  Jar  thereto. 
On  one  Side  of  which  let  there  be  a  fmall 
Groove,  jufl  wide  enough  to  receive  the  glafi 
Syphon,  which  may  afterwards  be  clofed  with 
a  convenient  Slider,  and  a  little  Cement  if  oc- 
cafion  be,  both  to  confine  your  Mercury  and 
keep  your  Syphon  Hx  d.  Fhen  filling  up  your 
Jar  with  Mercury  to  a  conyenient  Height,  and 
exhau  fling  the  Air,  let  down  your  folid  Body  a- 
bovementioned  into  the  Jar,  to  raife  the  Fluid 
fomething  above  the  Bend  of  tl}e  Syphon  and  it 
will  begin  to  run,  as  before.  By  obferving 

then 
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then  how  much  of  the  Mercury  will  run  off 
thereby,  and  comparing  it  with  the  Quantity  of 
Water  before  difcharg’d,  the  Difterence  of  the 
Tenacity  of  thefe  two  Fluids,  and  their  Attrac¬ 
tion  to  Glafs,  as  was  faid,  will  in  part  appear,  if 
the  fame  Syphon  be  ufed  in  both  Experiments, 
and  the  Thing  accurately  done. 

N  o  w  as  the  Air’s  PrelTure  near  the  Earth, 
by  feveral  undeniable  Experiments  may  be  prov¬ 
ed  at  leaft  to  be  equal  to  the  abfolute  Weight  of 
thirty  three  Foot  of  Water,  it  will  at  all  times 
counterbalance,  and  therefore  raife  and  fuftain 
that  Quantity  for  Service.  It  will  actually  do 
lb  in  the  Pump,  and  in  the  Syphon  would  ve¬ 
ry  probably  do  fo,  was  it  neceffary  to  apply  it 
in  that  manner :  So  that  a  Filh-pond,  or  any  o- 
ther  Head  of  Water,  might  be  run  off  thereby, 
over  a  Dyke,  much  above  the  Surface,  if  a  Sough 
or  Drein,  to  carry  it  off  otherwife,  could  not  be 
made. 

W A  T  E  R  will  rife  in  the  common  Air  in 
a  Jet,  when  over-balanced  by  the  Spring  of  Air 
comprefs’d.  Air  of  the  common  Degree  of 
Denlity,  will  produce  a  like  Effed:  in  Air  attenu¬ 
ated  or  more  rarify’d,  as  by  proper  Experiments 
hereafter  will  be  Ihewn.  As  an  Inftance  of  the 
latter  kind,  at  prefent,  however  take  the  Ma¬ 
chine,  Fig.  1 2.  Plate  i .  in  Form  not  unlike  and 
in  reality  differing  but  little  from  the  Syphon  j  ex¬ 
cept  that  where  the  Legs  communicate,  there  is 
a  tranlparent  Vellel  fixed,  through  which  a  Jet  of 
Water  may  be  feen.  Into  this  Part  of  the  Ma¬ 
chine^ 
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chine,  thro’  either  of  the  Legs,  firil  pour  a  fmall 
Qimntity  of  Water,  which  when  the  whole 
fliall  be  revers’d,  will  roifs  the  Hole  of  the  jet¬ 
ting  Pipe  A,  communicating  with  the  Veilel  (7, 
and  make  its  Way  down  the  longer  Leg 
through  an  adequate  Opening  made  at  B.  The 
fliorter  Leg  is  at  the  fame  Inftant  to  be  put  in¬ 
to  the  Jar  of  Water  C.  Upon  this  the  Velfei 
Z),  before  fill’d  part  with  Water,  and  part  with 
Air,  by  the  falling  away  of  the  Water,  which 
it  was  before  charg’d  with,  will  L>e  fill’d  with 
Air  only,  a  fmall  Matter  thus  rarify’d  and  ex¬ 
panded.  The  Atmofphere  then  prefiing  the  Sur¬ 
face  of  the  Water  in  the  Jar  with  its  whole  Weight, 
and  the  inward  Air,  thus  attenuated,  refilling 
with  but  a  diminilhed  Force,  will  caufe  the  Wa¬ 
ter  to  rife  from  the  Jar  into  the  glals  Head  j 
whence  continuing  ftill  to  defcend  by  the  longer 
Leg  E,  the  Machine  will  agreeably  play  a  Jet 
of  Water,  fo  long  as  there  is  any  Liquor  left  in 
C  for  a  Supply, 

On  Suction  ^Machines. 

The  Q^ntity  of  the  Air’s  Prefiure  may 
be  demonftrated  either  by  Experience  on 
the  Pump  itfelf,  or  by  its  equipoifing  and  at  a 
Medium  fullaining  twenty  nine  Inches  and  a  half 
of  Mercury,  a  Fluid  near  fourteen  Times  heavier 
than  Water,  m  the  common  Barometer.  And  the 
way  we  know  that  ’tis  the  Air’s  Preffure  on  tlie 
Surface  of  the  Fluid,  whereby  the  ¥/ater.  is  raifed, 
by  this  Kind  of  Pump  5  and  become,  certain 
.  •  that 
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that  it  proceeds  from  no  Property,  Power  or  Effi¬ 
cacy  in  Sudlion  is,  that  in  the  Air,  Water,  and 
even  a  Fluid  fo  denfe  as  Mercury,  may  be  raifed 
by  proper  Machines :  But  if  the  Air’s  Preffure  be 
removed,  it  cannot  be  raifed  at  all ;  as  may  be 
fhewn  by  an  Exhaufting  Syringe,  (to  diiiinguiffi 
it  from  the  Forcing  or  Injedting)  commonly 
called  a  Sucking  Syringe,  or  if  you  pleafe  a  com¬ 
mon  Pump.  Let  this  be  fix’d  to  a  tranlparent 
Tube,  and  the  nether  End  thereof  put  into  a 
Jar  of  Mercury,  inclofed  within  a  tall  Receiv¬ 
er  }  before  the  Air  is  exhaufted,  if  the  Pifton  be 
raifed,  the  Mercury  will  immediately  follow  j 
after  ’tis  exhaufted,  no  fuch  Effedt  will  ap¬ 
pear. 

This  being  determined  and  certain,  all  then 
we  are  to  underftand  by  Sudlion  is.  That  when¬ 
ever  by  any  mechanical  Difpofition  or  Contri¬ 
vance,  the  Prefllire  of  our  furrounding  Fluid,  the 
Air,  is  in  any  Place  abated,  the  adjacent  Matter, 
urged  on  by  the  Weight  of  the  Atmofphere, 
will  tend  thither ;  and  if  that  Matter  be  fluid, 
’twill  fo  far  rife  above  its  common  Level,  as  till, 
by  it’s  abfolute  Weight,  a  juft  counter-balance 
is  made,  in  order  to  preferve  the  Equilibrium, 
which  ought  every  where  to  exift,  by  the  efta- 
bliftied  Laws  of  Nature  and  Providence. 

Before  Galileo ’sT ime,  Philofophers fan¬ 
cied  this  Rife  of  Water  and  other  Fluids,  to  be  the 
Refult  of  Nature's  abhorring  a  Vacuum.  Not  to 
cavil  at  the  Term  abhor,  which  can  only  properly 
l^e  apply’d  to  animal  Affedtion  j  but  to  take  it 

af. 
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as  it  was  probably  intended,  in  a  metaphorical 
Senfe:  We  may  reafonably  enquire,  How  Nature 
came  to  abhor  a  Vacuum.,  in  the  Cafe  before  us, 
to  the  Height  of  between  thirty  and  forty  Foot, 
from  the  Surface  of  the  Earth,  and  no  farther? 
Had  fhe  abfolutely  abhorred  a  Vacuum-,  th  is  Ab¬ 
horrence  would  have  been  indefinite ;  and  Watetj 
upon  this  Principle,  might  liave  been  raifed  three 
thoufandj  as  well -as  thirty  Foot  high.  But  this 
is  otherwife  in  Fad:.  And  by  Experience  we 
find  that  Nature  has  no  Antipathy  to  a  Vaciiimi ; 
but  that  in  general,  One  heavy  Body  only  rifes, 
when  another  fupertor  tn  Weight  dej’cends. 

The  Rife  of  Water  in  the  Sucking-Pumsp, 
by  the  general  Preffure  of  the  Atmofphere  in¬ 
cumbent  on  the  Surface  of  the  Water  in  the 
Well,  a  Preflure  not  to  be  excluded  from  the 
Bowels  of  a  Body  fo  porous  as  the  Earth,  be¬ 
ing  thus  fettled,  the  Parts  of  this  Machine,  with 
the  Manner  in  which  they  acl,  will  next  come 
under  Confideration. 

On  the  P  u  M  p. 


^1^'HIS  ufefui  Piece  of  Mechanifm  was  firft 
A  invented  by  Ct  e se  B e s,  a  Mathematician 
of  Alexandria,  about  a  hundred  and  tv/enty 
Years  before  Chrift.  When  the  Air’s  Prefiure 
came  afterwards  to  be  known,  ’twas  much  im¬ 
proved  ;  and  ’tis  now  brought  to  a  great  Deoree 
of  Perfedion.  ‘ 


5  o  'The  M.Qtlo7t  ^Fluids, 

O  F  this  Machine  there  are  limply  three 
Kinds,  viz.  the  Sucking,  the  Forcing,  and  the 
Lifting  Pump.  By  the  two  laft,  Water  may  be 
raifed  to  any  Fleight,  with  an  adequate  Appa¬ 
ratus  and  fufficient  Power ;  By  the  former  it  may, 
by  the  general  PrelTure  of  the  Atmofphere  on 
the  Surface  of  the  Well-water,  be  raifed  no  more 
tlian  thirty  three  Foot,  as  was  before  hinted, 
tho’  in  Pradlice  it  is  feldom  apply’d  to  the  raif- 
ing  it  much  above  twenty  eight;  becaufe  from 
the  Variations  obferv’d  on  the  Barometer,  ’tis 
apprehended  that  the  Air  may  be  on  certain  Oc- 
calions  fomething.  lighter  than  thirty  three  Foot 
of  Water;  and  whenever  that  lhall  happen,, 
for  want  of  the  due  Counterpoife,  this  Pump 
may  fail  in  its  performance. 

J-  Jk. 


On  the  S  u  c  K  I  N  g-P  u  m  p. 

FIE  common  and  mofc  ufual  Pump,  con- 
1  lifts  of  a  Pipe  open  at  both  Ends,  in 
which  there  is  a  Hiding  Pifton  as  big  as  the  Bore,: 
which  by  means  of  the  Hand,  or  fome  other 
Contrivance,  may  be  moved  up  and  down  with¬ 
out  fuftering  any  Air  to  come  between  it  and 
the  Sides  of  the  Pipe  ;  which  is  otherwife  call’d 
the  Barrel,  as  AB  in  Fig.  %.  Plate,  z. 

I  F  the  lower  End  of  this  Pipe  and  Pifton 
be  put  into  Water,,  and  the  Pifton  raifed,  by 
Lifting  away  the  Column  of  upper  Air,  a  Va- 
aiiim  will  be  made  in  the  Pipe,  upon  which 
the  Atmolphere  prelftng  on  the  Well-water,. 
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will  force  it  to  follow  the  Pilfon,  even  to  the 
Height  of  thirty  three  Feet,  coiild  the  Stroke 
be  of  that  continued  Length  ;  and  if  there  be 
a  Valve  or  Clack,  fomething  like  a  Trap-door, 
to  Ihut  downward,  as  Fig.  i.  Plate  2.  placed 
in  fome  convenient  part  of  the  Pipe  below  the 
Water  fo  railed,  asatC,  Pig.  2.  Plate  2.  ’twill 
certainly  be  retained  therein.  But  if  this  Con¬ 
trivance  be  wanting,  upon  ilaoving  down  the 
Pifton  again,  the  Water  will  recede  along  with 
it  towards  the  Spring :  So  that  by  the  Motion 
of  the  Pifton  up  and  down,  the  Water  indeed 
rnight  rile  and  link  in  the  Barrel  at  every 
Stroke  5  but  without  an  under  Valve  to  confine 

and  keep  it  there,  none  can  be  drawn  for  Ser¬ 
vice. 

The  Frame  of  thefe  Valves,  Fig.  i.  Plate 
2.  is  ufually  made  of  Wood,  exadtly  fitted  to 
the  Bore  of  the  Pipe,  and  jiot  over-thick,  that 
it  may  not  ftop  too  much  of  the  Water-way. 
Po  this  the  Hinge  of  the  leather  Flap  B,  which 
is  ufually  lined  with  Lead,  not  only  to  make 
it  fall  readily,  but  to  give  it  Strength  fufficient 
to  bear  the  Weight  of  tlie  Water  railed  with¬ 
out  warping,  is  commonly  naifd. 

In  this  kind  of  Pump  there  is,  belides  this  fix’d 
Valve,  a  moveable  one  for  Conveniency’s  fake 
placed  in  ftie  Pifton,  as  at  D,  Fig.  2.  Plate  2. 
allb  opening  upw'ards,  or  the  V/ay  tlte  W^atef 
is  to  rife.  Such  a  Pifton  is  commonly  calfd  the 
Bucket. 

E  2  When 
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When  the  Bucket  of  this  Machine  defcends, 
if  the  Bore  of  the  Pipe  be  already  full  of  Water, 
the  Refiffance  thereof  will  puflr  open  the  moving 
Valve,  and  part  of  the  Water  will  get  above ; 
and  whenever  the  Pifton  is  drawn  upwards,  this 
Valve  will  clofe  under  the  Weight,  and  the  Wa¬ 
ter  will  be  raifed  by  the  F orce  applied :  So  that 
whenever  the  moveable  Valve  by  being  raifed,  is 
made  to  lift  the  Weight  of  the  Column,  as  well 
of  Air  as  Water  lying  thereon,  the  fix’d  Valve  is 
difcharged  of  all  Ikeirure  ;  and  then  a  Qj^ntity 
of  Water,  precifely  equal  to  that  by  the  Bucket 
lilted  and  drawn  oft,  will  by  the  ordinary  Prefiiire 
of  the  Atmofphere,  as  was  faid,  on  the  Water 
in  the  Well,  be  forced  or  weighed  up  through 
it,  to  replenilli  the  Pipe  or  Barrel.  This  al- 
.ternate  Adtion  of  the  two  Valves  is  vifible  thro’ 
the  glafs  Pumps. 

But  if  the  Bore  of  this  Machine  be  full  of 
Air  only,  before  Water  can  be  drawn  that  Air 
mu  ft  be  exhaufted  ;  which  may  be  done,  if  the 
Pifton  Valve  be  tight,  by  the  ordinary  Motion 
thereof :  But  for  the  greater  Certainty  and  Expe¬ 
dition,  Water  is  commonly  poured  thereon  down 
the^  Pipe,  vulgarly  call’d  Fetching  the  Water ; 
which  is  of  no  other  Ufe  than  to  wet  the  Valves 
and  fupple  the  Collar  of  Leather  fixed  to  the 
Bucket  or  Pifton,  that  it  may  lie  clofe  to  the 
Sides  of  the  Barrel,  and  fuffer  neither  the  upper 
m  Air  or  Water  to  efcape  by  it,  when  ’tis  moved 

up  and  down. 


The 
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The  firfl  Stroke  of  the  Pump-handle,  if 
Sufficiently  long,  makes  a  total  Vacuum  in  the 
Pipe ;  if  othcrwife,  an  Approach  is  only  made 
towards  it,  and  but  a  Part  of  the  contained  Air 
lifted  away ;  upon  which  the  Air  remaining  in 
the  Cavity  of  the  Bore,  from  it’s  natural  Spring, 
will  be  confiderably  dilated.  To  reftore  the  na.- 
tural  Denfity  whereof,  the  Atmofphere  that 
prefTing  harder  on  the  Well-water  than  can  the 
dilated  Air  on  that  in  the  Pipe,  will  caufe  the 
Water  to  rife  therein  fo  far,  as  that,  togethei" 
with  the  included  Air  (yet  a  little  rarify’d  by  the 
depending  Weight  of  Water)  it  fliall  juft  coun- 
terpoife  the  Weight  of  the  outward  Air.  The 
very  fame  Thing  will  again  happen  on  a  Repeti¬ 
tion  of  the  Stroke,  till  by  Degrees  the  AVater 
Ihall  have  reached  the  moving  Valve  ;  and  then 
the  Procefs  will  go  on  Readily  as  before.  And 
V;^ater,  by  means  of  this  Contrivance,  may  be 
railed  to  any  Height  whatever,  if  the  Power 
applied  be  fufficient  to  lift  the  Weight,  and  the 
Pipes  ftrong  enough  to  bear  the  Fluid’s  lateral 
Preffare. 

The  Preffure  on  the  Pipes  in  Pump- work, 
has  already  been  proved  to  be  in  Proportion  to 
the  Randing  Height  of  the  Fluid  above  the  part 
confidered  :  But  the  Weight  incumbent  on  the 
Bucket  or  moving  Valve  of  a  Pump,  in  Adtion, 
is  nearly  proportionable  to  that  of  the  Column 
of  Water  raifed.  F or  tho’  the  Pufh  of  the  At* 
mofphere  on  the  Surface  of  the  Spring,  when 
the  Bucket  rifes,  be  really  equal  to  the  Vf  eight 
of  thirty,  three-  Foot  of  Water  j  yet  is  this  Af- 

E  3  fiRance 
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fiftance  counter-balanced  exadtly  by  the  Weight 
of  the  Atmofphere  incumbent  on  the  Surface  of 
the  Water  thereby  raifed  :  So  that  all  the  Ad¬ 
vantage  to  be  obtained  by  or  expedted  from  Hy- 
draulick  Machines,  or  Engines  to  raife  Water, 
as  well  indeed  as  from  all  other  Pieces  of  Mecha- 
nifm  whatever,  is  only  the  putting  Things  into, 
a  convenient  Method  of  beine  executed,  and  the 
Peiiormance  depends  on  fhe  moving  Power  en¬ 
tirely,  under  the  Difadvantage  of  Fridtion  al¬ 
ways  againft  it. 


On  the  Dtfpoftio7t  of  Pump- Work. 

.  A  Pump  therefore  intended  to  raife  Water 
jL  ia..  to  any  Height  whatever,  will  always 
work  as  eafy,  and  require  no  greater  a  Power 
to  give  Motion  to  the  Bucket,  if  both  the  Valves 
be  placed  towards  the  Bottom  of  the  Pipe,  than 
if  they  were  fixed  thirty  three  Foot  above  the 
Surface  of  the  Water. 


The  playing  of  the  Pifton  thus  low  in  the 
Pipe,  will  bcfides  prevent  an  Inconvenience 
which  might  happen  v/as  it  placed  above,  ^oiz. 
in  Cafe  of  a  Leak  beneath  the  Bucket,  which, 
in  a  great  Length  of  Pipe  may  very  eafily  hap¬ 
pen,  the  outward  Air  getting  thro’,  would  hin¬ 
der  the  necefiary  Rarefradtion  of  the  Air  in  the 
Barrel,  on  moviiig  the  Pifton  ;  and  confequent- 
ly  the  Pump  might  fail  in  it's  Operation.  This 
can  only  effedlually  be  prevented  by  placing  the 
Pump-work  in  or  near  the  Water.  In  which 
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Cafe,  fliould  any  Leak  happen  upward,  ’twill 
only  occafion  the  Lofs  of  fome  of  the  Water, 
without  any  other  Inconvenience.  And  the 
leather  Valves  being  thus  kept  under  Water,  will 
always  be  found  fupple,  pliant,  and  in  a  fit 
Condition  to  perform  their  Office. 

It  niay  be  ob]edl:ed  5  That  the  fpecifick 
Weight  of  the  iron  Rod,  to  which  the  Bucket 
is  fixed,  may  be  an  Incumbrance  to  the  working 
of  the  Pump  :  But  if  it  be  made  of  Oak,  when 
well  foak’d,  ’twill  be  nearly  of  the  fiime  fpecifick. 
Weight  with  Water,  and  fo  no  Burden  on  the 
moving  Power,  when  the  Stroke  is  fetch’d. 

Placing  the  Pump-work,  that  is  the 
Valve  and  Pifton,  pretty  low  and  near  together, 
will  alfo  prevent  the  Inconvenience  of  our  not 
being  able  in  all  Cafes  to  fetch  up  Water  from 
the  Spring,  by  the  ordinary  Pump,  when  of  ai| 
equal  Bore ;  by  Reafon  of  the  Shortnefs  of  the 
Stroke,  which  therefore  cannot  ratify  the  Air 
fufficiently  to  bring  the  Water  up  to  the  Pifton 
from  the  nether  Valve.  For  Inftance  :  Take  a 
fmooth  barrell’d  Pump,  twenty  one  Foot  long, 
having  its  Pifton  fetching  fuppofe  a  Foot  Stroke, 
olacffi  above,  and  the  Clack  at  the  other  End 
below.  By  the  playing  of  the  Pifton,  admit  it 
nollible  for  Water  to  rife  eleven  Foot,  or  if  you 
will,  let  Water  be  poured  on  the  Clack,  to  the 
H(  of  eleven  Foot;  and  refit  the  Pifton, 
There  will  remain  (till  nine  Foot  of  Air  between 
it  and  die  Water,  vvhich  cannot  be  fufficiently 
rarify’d  by  a  Foot-ftroke,  to  open  the  Clack, 

E  4  or 
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or  fetch  up  any  more  Water  :  For  in  this  Cafe, 
the  Air  can  only  he  rarify’d  in  the  Proportion  of 
9  to  I  o  ;  whereas  to  make  a  bare  Equilibrium 
with  the  Atmolphere,  it  ought  to  be  as  9  to  131 : 
Since,  as  22,  or  the  Complement  of  ii,  to  33 
Foot  of  Vfater,  the  Weight  of  the  whole  At-, 
mofphere,  is  to  3  3  F oot,  or  the  Atmolphere  ; 
fo  is  the  Interval  fpoken  of,  9,  to  i3f ;  to  com- 
pleat  which,  the  Stroke  ought  to  be  at  leall  4|. 
F oot  long. 

H  owEVER  by  filling  the  whole  Void  between 
the  Piilon  and  Clack  at  firfl;  with  Water,  this 
laft  Qbjeiftion  might  be  removed. 


On  the  Disposition  of  Pipes  of 

Conduct. 

"T  N  fome  Places  the  Pump  cannot  be  placed 
J..  conveniently  perpendicular  to  the  Well :  For 
Example,  being  to  raife  Water  out  of  the  Well 
at  Fig.  3.  Plate  2.  by  Means  of  a  Pump  at 
B ;  the  beft  W  ay  will  be  to  carry  the  Barrel  as 
low  as  is  the  Spring,  communicating  therewith 
by  means  of  the  Pipe  at  C.  The  Bucket  then 
playing  in  the  Barrel  at  B  C,  will  have  the  fame 
Ert'edt,  as  if  the  Well  was  made  perpendh 
cuki'  to  the  Pump ;  Becaufe  the  Water,  by  its 
proper  Weight,  will  always  replenifh  BC,  thro’ 
to  the  Level  of  the  Well-water  at  ,F. 


And 
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And  if  it  fhould  happen,  from  fome  confi- 
derable  Impediment,  that  the  Barrel  cannot  go 
down  to  the  Well  diredlly,  it  may  be  led  about 
any  other  way  for  fake  of  Convenience,  And 
then  making  the  Pipe  of  Conveyance  E,  lefs  in 
Diameter  than  the  Barrel,  it  will  the  fooner  be 
exhaufted  of  Air,  by  moving  the  Pifton,  and 
the  Water  will  follow  very  briskly,  as  by  the 
leaden  Pump  at  D. 

It  will,  however,  always  be  more  eafy  to 
draw  Water  with  Pipes  that  are  large,  and  of  an 
equal  Bore  throughout  j  becaufe  the  Water  will 
have  a  lefs  Velocity  in  them,  and  the  Fridlion 
will  be  in  Proportion  lefs.  Upon  this  Account, 
the  Pumps  ordinarily  made  by  the  Plumbers,  go 
not  fo  eafy  as  thofe  bor’d  out  of  Trees :  Becaufe, 
hy  making  their  Pipe  fo  much  lefs  than  the 
Bucket,  they  as  it  w'ere  wire-draw  the  Water 
rais’d.  If  the  Barrel,  for  Inftance,  be  three  Inches 
in  Diameter,  and  the  Pipe  of  Condudt  one,  it 
will  move  nine  Times  as  fail  thro’  this,  as  it  will 
in  that. 

For  the  like  Reafon,  it  will  be  alfo  a  Fault 
to  bore  a  Pump  conically  upward,  becaufe  the 
Water  cannot  with  Freedom  get  away  fo  fail  as 
a  F acuum  by  the  moving  Pifton  may  be  made ; 
and  the  Refleftion  of  the  Water  from  the  Sides, 
will  always  be  a  Hindrance  to  the  Operation. 


On 
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On  L  E  A  T  H  E  R I  N  G  the  Pistons, 

ANother  Miflake  the  unskilful  Workman  is 
very  apt  to  make,  is  leathering  the  Pifton 
fo  ftiff,  as  to  bear  fo  very  hard  againft  the  Sides 
of  the  Barrel,  and  to  wear  it  much  away,  com¬ 
monly  called  Chambering  the  Pump.  However, 
fuch  a  Machine  may  be  very  tiglit,  it  will,  on 
Account  of  the  great  Friction,  require  more  La¬ 
bour  to  work  it  than  is  neceflary. 

The  upper  Leather  of  a  Shoe,  if 'good,  is 
ftrong  enough  to  relift  any  realbnable  PrelTure 
from  above,  as  in  the  Cafe  of  the  Sucking  and 
Lifting-Pump  Piftons ;  or  to  overcome  any 
Thruft  made  below,  as  in  the  Cafe  of  the  Pifton 
of  the  Forcing  Pump,  and  will  laft  a  long 
Time. 


T  H  E  way  of  leathering  the  Piltons  of  thefe 
Machines,  is  always  fo  as  to  face  their  Work ; 
that  when  the  Strain  comes,  the  Leather,  being 
a  ftrong,  tough,  and  yielding  Subftance,  may 
fpread,  and  fuft'er  neither  Air  nor  Water  to  pafs 
between  them  and  the  Sides  of  their  Barrels, 
when  they  are  moved.  If  the  Pump  be  to  work 
hot  Liquors,  coarfe  Cloth  is  commonly  ufed 
inftead  of  Leather  for  this  Purpofe, 


On 
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On  the  L I F  T  I  N  G -  P  u  M  p. 

The  Structure  of  the  Lifting-Pump,  Fig, 
4.  Plate  2.  differs  from  that  of  the  Suck-i 
jng-Pump  in  nothing  but  the  Difpofition.  As 
that  has  its  fix’d  Valve  below,  and  the  move- 
able  one  above,  in- the  Barrel  AB,  Fig.  1.  Plate 
1.  this  isjufithe  contrary,  as  C  and  D.  As  the 
Bucket  or  Pifton  of  that  is  moved  by  a  Rod 
within  the  Bore  of  the  Pipe,  this  is  fo  by  means 
of  a  firong  Frame  fixed  to  a  Rod  without  at 
F.  As  in  that,  tis  of  Advantage,  for  fear  of 
a  Leak,  to  have  the  Pump-work,  if  poflible,  in 
or  near  the  Source  of  Water;  this  in  Praftice 
is  commonly  made  to  do  fo,  and  for  that  Rea- 
fon  is  very  feldom  fubjed  to  any  Failure  in  its 
Performance.  An  Elbow  in  this  kind  of  Pump, 
to  lead  the  lifted  Water  clear  of  the  playiiw  of 
the  Rod,  which  of  Necefiity  mufi:  move  per¬ 
pendicularly,  is  unavoidable.'  The  Fridtion  oc- 
cafioned  hereby  will  however  always  be  lefs  the 
nearer  this  Bend  comes  to  a  ftraight  Line. 

From  the  Name  and  Structure  of  this  Ma¬ 
chine,  It  may  be  imagined,  perhaps,  that  the 
Ait  s  Prefliire  is  not  of  equal  Service  to  this  kind 
of  i  ump,  as  to  the  former ;  but  it  is  quite  o- 
therwife. '  For  if  both  Valves  be  not  perfedly 
Air-tight,  Water  cannot  be  well  raifed  thereby': 
But  in  Cafe  neither  of  them  is  defedive.  Water 
will  be  raifed  to  very  good  Purpofe,  by  much 
the  fame  kind  of  Procefs  as  that  of  the  Suckino-- 

to 
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Pump,  before  explained.  Nor  is  there  any 
doubt,  but  that  if  two  Machines,  a  Sucking  and 
a  Lifting-Pump,  were  made  of  equal  Bores, 
wrought  with  equal  Force,  and  were  in  every 
Circumftance  alike,  they  would  be  found  of  e- 
qual  Service  in  railing  W ater. 

N.  B.  'The  Reprefentations  of  the  fenyeral  Pijlons^ 
and  their  V ahes,  in  the  common  Pump~%sjork^ 
are  exprefid  in  the  Draughts  fufjiciently  plain^ 
find  all  difpofed  in  their  proper  Adlions,  when 
the  Machines  work, 

T 

On  the  F  o  R  e  1  N  G  -  P  u  M  p. 

And  as  the  W eight  of  the  Atmofphere  is 
of  very  great  Ufe  in  the  two  Pumps  alrea-. 
dy  defcribed,  it  is  of  no  lefs  Advantage  to  the 
Forcing-Pump  5  which  confifts,  as  in  Fig,  e. 
Plate  2.  of  a  Barrel  AB,  ^  Pillon  or  Forcer  C, 
leather’d  upwards,  that  it  may  withftand  the 
PrelTure  of  the  Atmofphere  froni  above,  that  fo 
by  fucking,  when  raifed,  it  may  bring  up  the 
Water  to  fupply  the  Barrel;  and  ’tis  alfD  lea¬ 
ther’d  do-wmv/ards,  that,  when  deprefled,  it  may 
relift  the  Weight  of  the  Water  to  be  forced  up, 
or  raifed  for  Ufe.  There  are  always  two  fix’d 
Valves  in  this  kind  of  Pump;  one  in  fome  con¬ 
venient  part  of  the  Streight,  otherwife  called  the 
Sucking-Pipe,  as  atjD,  the  other  in  the  Branching 
or  Forcing-Pipe,  as  E.  Thefe  ought  in  like 
manner  to  be  Air-tight,  and  fo  dilpofed  as  to  let 
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the  Water  freely  rife,  but  are  abfolutely  to  hin¬ 
der  its  Return. 

H  E  N  the  Forcer  is  firft  niov’'ed  upwards 
in  the  Barrel,  the  Air  between  that  and  the 
Water  below,  having  Room  to  dilate,  by  its 
natural  Spring,  will  of  courfe  be  rarify^  therein ; 
the  Preffurc  of  the  Atmolphere  then  being  inter¬ 
cepted  by  the  Forcer  in  the  Barrel  AB  on  this 
Hand,  and  by  the  upper  Valve  at  E  in  the 
Branching-Pip  on  that  j  the  Water  will  rife 
from  the  Spring  into  AB,  for  the  Reafon  al¬ 
ready  given  :  And  repeated  Strokes  of  the  PiRon 
will  fetch  up  the  Fluid  to  the  Forcer,  and  at 
length,  fill  the  Cavity  of  the  Pipes  between  the 
fixed  Valves  D  and  E.  This  done,  the  Water, 

in  this  manner  fuccefiivelyraifed,  being  flopped 

from  going  down  again  by  the  nether  Valve, 
will  be  preffed  by  the  Forcer  every  Time  it 
defeends,  and  be  thereby  obliged  to  make  its  Way 
where  the  leaft  Refiftance  is,  Az.  thro’  the  up¬ 
per  Valve  at  E.  And  whenever  on  the  rifiiw 
of  the  Forcer,  this  Preffure  intermits,  the  Valv? 
at  E  will  immediately  clofe  under  the  Weight 
of  the  upper  Water,  and  prevent  its  Return  that 
Way,  while  the  PiRon  is  rifing  with  a  freRi 

Supply  3  and  this  is  repeated  at  eteiy  Stroke  of 
the  F  orcer. 

On  F Ire-Engines. 

IT  extinguiRiing  Fire,  are 

either  Forpig  or  Lifting-Pumps,  and 
being  made  to  raife  V/ater  with  great  Velocitv' 

their 
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their  Execution  in  great  Meafure  depends  upon 
the  Length  of  their  Leavers,  and  the  T'orce 
wherewith  they  are  wrought. 

For  Example,  AB,  Fig.  i.  Plate  3,  is  the 
common  fquirting  F  ire-Engine.  DC  is  the  F  rame 
of  a  Lifting-Pump,  wrought  by  the  Leavers  E 
and  F,  adting  always  together.  During  the 
Stroke,  the  Q^ntity  of  Water  raifed  by  the 
Pifton  Ny  fpouts  with  Force  thro’  the  Pipe  G,' 
made  capable  of  any  Degree  of  Elevation  by 
means  of  the  yielding  leather  Pipe  H,  or  by  a 
Ball  and  Socket,  turning  eveiy  Way,  fcrew’donthe 
T  op  of  the  Pump.  Between  the  Strokes  on  this  Ma¬ 
chine  the  Stream  is  difcontinued.  The  Engine  is 
fupply’d  by  Water  poured  in  with  Buckets  above 
the  Dirt  and  Filth  whereof  is  kept  from  choaking 
the  Pump-work,  by  help  of  the  Strainer  IIC. 

A  confiderable  Improvement  has  of  late  been 
made  to  thefe  Machines,  in  order  to  keep  them 
difcharging  a  continual  Stream.  In  doing  where¬ 
of,  it,  is  not  to  be  underflood  that  they  reallv 
throw  out  more  Water  than  do  the  fquirting' 
ones  of  the  fame  Size  and  Dimeniions  with  them- 
felves;  but  that  the  Velocity  of  the  Water,  and 
of  Courfe  the  Fridtion  of  all  the  Parts,  being  lefs 
violent,  the  Stream  is  more  even  and  manageable, 
and  mav  be  diredled  hither  or  thither  with  greater 
Eafe  and  Certainty,  than  if  it  came  forth  only  by 
Fits  and  Starts :  The  Machine  thus  improved,  is 
therefore  generally  better  adapted  to  the  Purpofe 
intended  than  the  former,  efpecially  in  the  Be¬ 
ginning  of  thefe  calamitous  Accidents. 


This 
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T  K I  s  is  performed  by  the  Spring  of  Air  con¬ 
fined  in  a  flirong  Metal  Veffel  CC,  in  the  Fire- 
Engine  AB,  Plate  3.  Fig.  2.  fixed  between  the 
two  Forcing-Pumps  D  and  £,  wrought  with 
a  common  double  Leaver  FG,  moving  on  the 
Center  H.  The  Piflons  in  D  and  E  both  fuck 
and  force  alternately,  and  are  here  reprefented  in 
their  different  Adtions ;  as  are  alfo  the  refpeftive 
Valves  at  /if  and  LM. 

The  Water  to  fupply  this  Engine  is  alfo 
poured  into  the  Vellel  A  B  and  being  flrained 
thro’  the  wire  Grate  W,  is  by  the  Preflure  of  the 
Atmofphere  raifed  thro’  the  Valves  K  and  M 
into  the  Barrels  of  D  or  £,  when  either  of  their 
Forcers  afcend ;  whence  again  it  will  be  forcibly 
puflred,  when  they  defcend  into  the  Air-veffel 
CC,  thro’ the  Valves /  and /,  by  turns.  By  the 
Force  whereof,  the  common  Air  between  the 
Water  and  the  Top  of  the  Air-veffel  O,  will 
from  time  to  time  be  forcibly  crowded  into  lefs 
Room,  and  much  comprelfed  ;  _  and  the  Air  be¬ 
ing  a  Body  naturally  endowed'  with  a  flrong 
and  lively  Spring,  and  always  endeavouring  to 
dilate  itfelf  every  Way  alike,  in  fuch  a  Circum- 
flance,  bears  powerfully  both  againfl:  the  Sides 
of  the  Veflel  wherein  it  is  confined,  and  the  Sur¬ 
face  of  the  Water  thus  injeded,  and  fo  makes  a 
eonftant  regular  Stream  to  rife,  thro’  the  metal 
Pipe  P,  into  the  leather  one  ferewed  there¬ 
on,  which  being  flexible,  may  be  led  about  into 
Rooms  and  Entries,  as  the  Cafe  may  require. 


,'^4  Motion  of  Fluids,’ 

Should  the  Air  contained  in  this  VelTel,  be 
comprelTed  into  half  the  Space  it  took  up  in  its 
natural  State,  the  Spring  thereof  will  be  much 
about  doubled  j  and  as  before  it  equall’d,  and  was 
able  to  fuftain  the  Preffure  of  a  tingle  Atmo- 
tphere,  it  will  have  now  a  double  Force,  and 
by  the  Power  of  that  Spring  alone,  will  throw 
Water  into  Air,  of  the  common  Degree  of  Den- 
tity,  about  thirty  Foot  high.  And  thould  this 
Compreffure  be  ftill  augmented,  and  the  Quan¬ 
tity  of  Air  which  at  firft  filled  the  whole  Vef- 
fel,  be  reduced  into  one  third  of  that  Space,  ffs 
Spring  will  be  then  able  to  refift,  and  confequent- 
ly  raife,  the  Weight  of  a  treble  Atmofphere ;  in 
which  Cafe  ’twill  throw  up  a  jet  of  Water  fixty 
Foot  high.  And  fiiould  fo  much  Water  again 
be  forced  into  the  Veflel,  as  to  fill  three  Q^r- 
ters  of  the  Capacity,  it  will  be  able  to  throw  it 
up  about  ninety  Foot  high;  and  wherever  the 
Sendee  requires  a  fiill  greater  Rile  of  Water, 
more  Water  mull:  be  thrufl  into  this  Veflel,  and 
the  Air  therein  being  thus  driven  by  main  Force 
into  a  ftill  narrower  Compafs,  at  each  Explofion 
of  the  Machine,  the  gradual  Reftitution  thereof 
to  its  firft  Dimenlions,  is  what  regularly  carries  on 
the  Stream  between  the  Strokes,  and  renders  il 
continual  during  the  Operation  of  the  Machine. 

This  Experiment,  in  little,  maybe  either 
made  on  the  Lifting  or  Forcing-Pump,  the  No- 
fels  of  which  may  be  left  large,  on  Purpofe  for 
the  Reception  of  the  fmall  Pipe  F,  Fig.  6.  Plate 
2.  reaching  nearly  to  the  Valve  at  £,  and  oc- 
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eaftonally  to  be  fcrew’d  in.  Between  this  Pipe 
and  the  Sides  and  Top  of  the  Nofel  //,  a  Quan¬ 
tity  of  Air  will  be  lodged,  which  when  the 
Forcer  aits,  will  be  compreffed  at  every  Stroke 
by  the  Rife  of  the  Water,  more  whereof  will 
be  pufhed  thro’  E  than  can  immediately  get  a- 
way  thro’  the  Pipe  F,  which  is  to  be  always  left 
in  Diameter  than  the  Opening  of  the  Valve  at 
E.  The  Degree  .of  which  Condenfation,  and 
that  of  the  Reftitution  to  its  natural  State  of  Den- 
fity,  may  be  obferved  through  the  glafs  Ma¬ 
chines  to  Satisfaction. 

Tite  Defcription  of  the  Engine  for 
raifng  Water  by  Fire. 


AS  H  O  R  T  Account  and  Explanation  of 
the  Engine  of  great  Ufe  in  Coal-works, 
and  other  Mines,  for  the  railing  of  Water  by 
FirejCannot  be  unacceptable  to  the  Curious.  They 
are  ufually  P'orcing-Pumps,  with  an  Air-veffef. 
applied,  and  are  wrought  by  the  Weight  of  the 
Atmofphere  preffing  on  a  Pillon,  under  which  a 
Vacuum  is  to  be  made  by  the  help  of  the  Steam 
of  boiling  Water. 


Now  tho’  the  Water  itfelf  cannot  be  con¬ 
dens’d  by  any  external  Force,  as  is  evident  from 
the  Florentine  Experiment  related  above,  Fag^ 
II.  that  is,  it  cannot  bp  reduced  into  a  fmaller 
Bulk  or  Space  than  it  .otdinarily  has  with  us  in 
very  cold  Weather,  yet  may  it  be  very  much  ra- 

F  rify’d 
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rify’d  or  dilated  by  Heat;  as  may  appear 
putting  feveral  fmall  Bubbles  of  Glafs,  Metal,,, 
that  are  of  a  Weight  juft  fit  to  fwim,  into 
cold  Water.  Thefe  when  the  Water  is  fet  near 
a  Fire,  or  over  a  Lamp,  will  fink  one  by  one,^ 
according  to  their  feveral  Weights,,  as  the  Fluid 
warms-  and  grows  more  rare. 

By  accurate  Experiments  ^tis  prov’'d,,  that 
.  Water  may  be  rarify’d  near  fourteen  thoufand 
Times  by  being  reduced  into  Steam,  the  Parti¬ 
cles  whereof  muft  be  endowed  with  a  very  pow¬ 
erful  repellent  Force;  fince  they  are  able,  when 
confin’d,  to  drive  before  them  Air,  and  lift  even 
a  great  Weight  of  Water  to  very  confiderable. 
Heights. 

In  order  to  fitpply  a  large  Q^ntlty  of  Steam, 
for  this  Purpofe  fucceffively,  the  Machine  fpokea 
of  has  a  large  globular  Vefiel  of  Water,  which^ 
when  the  Engine  is  at  work,  is  kept  boiling  over 
a  brisk  F  ire,  in  which  the  Steam  is  clofe  confin’d, 
and  in  Plate  4.  mark’d 

When  the  Steam  herein  is  fufficiently  denfe, 
or  ftrong  enough  for  the  Purpofe,  Part  of  it  is 
let  go,  by  turning  a  Cock  into  the  hollow  Cy¬ 
linder  B ;  by  means  whereof,  the  Air  therein  con¬ 
tained  is  expell’d  thro’  a  proper  Clack,  and  the 
whole  Cavity  of  confequence  fill’d  with  Steam 
only ;  which  being  a  Body  that  may  be  con¬ 
dens’d  again  to  Water,  by  a  Jet  of  cold  Water 
difperfed  among  it,  that  which  in  the  Circum- 
ftance  of  Steam  took  up  the  Space  of  fourteen; 

tlioufand 


Natural  and Artuicial.  67 

tlioufand  Pints,  will  this  Way  be  reduced  into 
that  of  one.  By  which  Artifice,  a  Vacuum  in 
the  hollow  Cylinder  is  nearly  to  be  obtained. 
The  Pifton  then,  C,  prelTed  by  the  Atmofphere 
above,  will  be  weighed  down,  and  delcend  with 
a  Force  equal  to  the  Inches  of  the  Diameter 
fquar’d,  and  multiplied  by  twelve  Pounds,  the 
ordinary  Weight  of  Air  incumbent  on  every  cir¬ 
cular  Inch  near  the  Earth,  And  a  Pull  thus 
made  at  the  End  of  a  Leaver,  equally  divided  at  ‘ 
jD,  will  always  raife  an  equal  Weight  at  the' 
other ;  So  that  all  the  while  the  Steam  is  en- 
tring  i?,  the  Pifton  £  finks  and  forces,  and 
when  that  Steam  comes  to  be  condenfed,  it 
fucks  and  rifes  ;  and  thus  alternately  (fix  or  eight 
Times  perhaps  in  a  Minute)  according  to  the 
Size  of  the  Boiler,  and  the  Intenfenefs  of  the 
Fire  that  is  to  fupply  the  Steam. 

According  to  the  Length  of  the  Stroke, 
and  the  Diameter  of  the  metal  Forcer  £,  a 
Body  of  Water  of  like  Dim^enfions  will  be 
raifed  at  every  Pull,  from  the  Spring  at  Z 
into  the  Sucking-pipe  Aq  and  being  brought  up 
thro’  the  fix’d  V aive  at  0,  whenever  the  Pifton 
finks  by  the  Weight  of  the  counterpoifing  Lifts 
of  Lead  at  H  (occafionally  to  be  laid  on,  ac¬ 
cording  as  the  Atmolphere  happens  to  be  mors 
or  lefs  heavy)  will  be  puflied  thro’  the  fix’d  Valve 
in  the  Branching-pipe  At  which  time  the 
whole  Column  of  Water  in  F  being  lifted  there¬ 
by,  an  equal  Quantity  will  be  difcharged  and 
run  off  at  T.  To  this  Machine,  an  Air-veffel, 
as  G,  may  alfo  be  added,  if  it  be  thought  pro- 
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per,  to  ieffen  the  Velocity  of  the  Water  \n  F* 
but  in  Draining  of  Mines,  this  can  hardly  be 
iieceffary. 

The  Forcer  of  this  Engine  E,  is  bell:  made 
cylindrical,  and  as  long  as  the  Stroke  intended 
from  i  to  N.  In  which  Cafe  the  Collar  I,  in 
whic^  it  works,  is  leather’d  both  upwards  and 
downwards,  which  is  found  to  be  more  convenient, 
ahd  yet  to  have  the  fame  Eifedt,  as  if  the  Pifton 
was  fo  leather’d,  and  made  to  move  within  a 
hollow  Cylinder  j  as  in  the  common  Forcing- 
pump  they  do. 

This  Machine,,  according  to  late  Improve¬ 
ments,  begins  of  itfelf  to  work,  as  foon  as  the 
Water  boils  j  and  by  little  Contrivances  the  Mo¬ 
tion  of  the  grand  Machine  is  made  fubfervient 
to  the  Operation,  either  in  turning  the  Steam 
out  of  the  Boiler  into  the  hollow  Cylinder  from 
time  to  time,  or  fliutting  it  off;  and  alfo  by 
letting  in  the  Jet  of  cold  Water,  fupplied  when 
wanted,  from  the  Ciftern  K-,  and  by  a  thkd 
Device  the  whole  may  eafily  be  flopp’d. 

If  at  any  Time  the  Fire  and  the  Steam  grow 
too  intenfe,  to  prevent  Mifchief  from  blowing 
up  the  Copper,  and  the  like,  there  is  a  fnifting 
Valve  of  a  certain  Weight,  a  little  conical,  put 
into  that  Machine  at  L ;  which  when  the  Steam 
becomes  too  elaftic  or  over-fi:rong,will  he  thrown 
©ut,  or  at  lead  raifed,  to  give  it  vent. 


The 
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The  Segments  of  Circles  MM,  fixed  at  ei¬ 
ther  End  of  the  great  Leaver,  are  to  give  the 
Chain  to  which  the  Pifton  and  Forcer  hang,  a 
perpendicular  Diredlion  in  ail  Parts  of  the  Stroke. 

There  is  indeed  a  Y ein  of  Mechanifm  and 
good  Contrivance  runs  thro’  this  whole  Machine  j 
audit  is  very  v/ell-  worth  confidering  as  ally- 
draulick-Engine ;  however,  in  point  of  Profit,  it 
may  not  antwer  the  Expectations  of  fuch  as  ufe 
it,  where  Fewel  is  not  very  cheap  ;  For  the  fav- 
ing  whereof,  a  Fire-hox  having  the  boiling  Vv'^a- 
ter  nearly  round  it,  in  the  Nature  of  the  copper 
Machines  for  boiling  Tea-water,  has  been  ufed 
with  good  Succefs. 

The  original  Engine  for  raifing  Water  by 
Fire,  as  defcribed  in  Harris’s  Lexicon  Lechni- 
cum,  did  not  work  a  Forcing-Pump  like  thisj 
but  the  Veflel  put  here  in  Place  of  the  hollow 
Cylinder,  was  firft  cleared  of  Air  by  a  Quantity 
of  Steam  turned  in  thro’  a  Valve,  which  being 
next  condenfed  by  a  Dafii  of  cold  Water  thrown 
thereon,  was  then  filled  by  Water  from  the 
Spring,  which  by  the  repellent  Force  of  the 
Steam,  a  fecond  I'ime  admitted  from  the  Boiler, 
was  gradually  lifted  through  Pipes  annexed,  to 
the  Height  intended.  And  this  in  Mines,  where 
Room  for  w^orking  the  great  Leaver  is  wantinp", 
is  Ml  in  Ufe,  ' 

Having  here  mentioned  the  Strength  of  the 
Steam  of  boiling  Water,  in  working  the  forego- 
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ing  Machine,  it  may  not  be  amifs  juft  to  men¬ 
tion  the  Ufe  it  might  be  of  in  leveral  other  Cafes  j 
thofe  efpecially  in  which  the  Uib  of  Fire  itfeli 
is  dangerous:  Such  as  is  the  boiling  of  all 
indammable  Bodies;  the Diftiilation  of  Ipirituous 
Liquors;  boiling  of  Turpentine,  Tallow,  Oils 
andVarniilies;  the  Drying  of  Gunpowder, and  the 
like  :  All  which  Things  may  with  Safety  be 
done,  by  having  the  Boiler  and  Furnace  at  a 
Diidance,  or  in  another  Room ;  whence  by  Pipes 
the  Steam  might  be  conveyed,  and  by  the  turn¬ 
ing  of  a  Cock,  admitted  into  the  Cavities 
of  double  Pans,  Stills,  or  other  Vellels  ft 
for  the  Purpofe  intended  :  It  may  be  likewife 
flint  off,  increafed  or  abated  at  Pleafure  by  fuch- 
a  Contrivance,  according  to  the  Exigencies  of 
the  Cafe.  And  tho’  "Water  itfelf,  having  once 
got  a  boiling  Heat,  is  capable  of  receiving  but 
a  fmall  Degree  of  Heat  more  than  what  made 
it  boil  at  fu'fl ;  yet  will  the  Steam  arifing  from 
it  be  more  or  lefs  heated  in  Proportion  to  the 
Denfity  of  it :  So  that  it  has  fometimes  melted 
foft  Solder, '  wdiich  is  a  Mixture  of  Lead  and 
Tin  ;  but  has  never  yet  been  able  to  lire  Guii-» 
powder. 

Malt  and  other  Things  of  the  like  kindj 

niic'ht  alfo  be  drv’d  this  W''av,  and  the  fmoaky 

^  ^  ^  — 

T'alle  often  attending  thefe  Manufidtures  would 
thus  doubdefs  be  prevented,  as  well  as  the  fiery 
‘ralte  very  ufual  in  diftilled  Liquors. 
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On  the  C  H  A  I  N  -  P  u  M  f .. 

There  is  ftlll a.nother Machine  for  raifing 
Water,  called  the  Chain-Pump,  AB^  Fig. 
Plate  6.  ’Tis  ordinarily  made  from  twelve  to 
twenty  four  Foot  long,  and  confifls  of  two  col¬ 
lateral  fquare  Barrels,  and  a  Chain  of  Piftons  of 
the  lame  Form,  fixed  at  proper  Diftances  there¬ 
on,  1  he  Chain  is  moved  round  a  coarie  kind 
•of  Wheel-work  at  either  End  of  the  Machine, 
the  Teeth  whereof  are  fo  made  as  to  receive  one 
lialf  of  tire  flat  Piflons,  and  let  them  fold  in  5 
and  they  take  hold  of  the  Links  as  they  rife. 
The  Machine  is  wrought  either  by  the  turning 
of  one  Handle  or  two,  according  to  the  Labour 
required,  depending  on  the  Height  to  which 
the  Water  is  to  be  raifed.  A  whole  Row  of  the 
Piflons  (which  go  free  of  the  Sides  of  tlie  Bar¬ 
rel,  by  perhaps  a  Quarter  of  an  Inch)  are  al¬ 
ways  lifting  when  the  Pump  is  at  Work  5  yet  do 
they  by  the  general  Pufli  in  the  ordinary  Way 
of  working,  as  ’tis  pretty  brisk,  commonly  bring 
up  a  full  Bore  of  Water  in  the  Pump.  Thi"s 
IViacnine  is  lo  contrived,  that  by  the  continual 
folding  in  of  the  Piflons,  Stones,  Dirt,  and 
wnatever  happens  to  come  in  the  V/ay,  may  alfo 
be  cleared;  and  therefore  it  is  generally  made 
Ule  of  to  drain  Ponds,  to  empty  Sewers,  and 
remove  foul  Waters,  in  which  no  other  Pump 
could  work. 


7  2  7^^  Motion  of  F  l  u  i  d  Sj 

On  the  E  NGiNE  for  raifng  Water  hy 

a  Multiply  I  ng-Wheel. 

"¥  T  v/ould  be  endlefs  to  confider  and  defcribe 
A  the  Mechanifm  and  all  the  Contrivances  of 
Engines  for  drawing  of  Water.  The  general 
Principles  whereof  being  w^ell  underftood,  the 
Ufe  and  Application  of  all  Machinery  for  that 
Purpofe,  wdll  eafily  be  difcerned.  The  Defcripr 
tion  however,  and  Sketch  of  an  Hydraulick 
Machine,  that  has  no  fort  of  Dependance  on 
the  Adlion  of  the  Atmofphere ;  but  which,  by 
the  Weight  of  Water  only,  and  without  Pump- 
work  of  any  kind,  raifes  Water  fufficient  to 
ferve  a  Gentleman’s  Seat  in  BuckinghamJJnre^ 
with  an  Overplus  for  Fountains,  Filh-ponds, 
(executed  by  the  late  Mr.  Gerves)  it  is  to  be 
hoped  the  Curious  will  eafily  excufe. 

A  and  B  in  Blate  5,  are  two  copper  Pans  op 
Buckets  of  unequal  Weight  and  Size,  fulpended 
to  Chains,  which  alternately  wind  off  and  on 
the  Multiplying- wheel  TZ;  whereof  the  Wheel 
T  is  fmaller  in  Diameter,  and  Z  larger,  in  Pro¬ 
portion  to  the  different  Lifts  each  is  defigned  tQ 
perforin, 

When  the  Buckets  are  empty,  they  are 
flopp’d  level  with  the  Spring  at  X,  whence  they 
are  both  fill’d  with  Water  in  the  farne  Time. 

The 


Natural  Artificial.  73 


The  greater  of  the  two,  A,  being  the  hea- 
■vier,  when  full,  preponderates  and  defcends  ten 
Foot  perhaps  from  C  to  D and  the  leffer, 
B,  depending  on  the  fame  Axis,  is  thereby- 
weighed  up  or  raifed  from  E  to  F-,  fuppofe  thirty 
F  oot. 

Here,  by  particular  little  Contrivances,  o- 
pening  the  Valves  placed  at  Bottom  of  each  of 
thefe  Buckets,  they  both  difcharge  their  Water  ^ 
in  the  lame  Time  thro’  Apertures  proportionable 
to  their  Capacities ;  the  fmaller  into  the  Ciftern 
/F,  whence  ’tis  conveyed  for  Service  by  the  Pipe 
T,  and  the  larger  at  £),  to  run  wafte  by  the 
Drain  below  at  H,  The  Bucket  B  being  emp¬ 
ty,  is  fo  adjufted  as  then  to  overweigh,  and  de- 
fcending  fleadily,  as  it  role  betwixt  the  guiding 
Rods  F F,  brings  or  weighs  up  A  to  its  former 
Level  at  X,  where  both  being  again  replenillied 
from  the  Spring,  they  thence  proceed  as  before. 
And  thus  will  they  continue  conllantly  moving- 
(merely  by  their  circumhantial  Difference  of 
Water-weight,  and  without  any  other  Affillance 
than  that  of  fometimes  giving  the  Iron-work  a 
little  Oil)  fo  long  as  the  Materials  lhall  laft,  or 
the  Spring  fupply  Water. 

The  Steadinels  of  the  Motion  is  in  Part  re¬ 
gulated  by  a  Worm  turning  a  Jack-fly,  and  a 
little^  firnple  Wheel- work  at  LM,  which  com¬ 
municating  with  the  Multiplying-wheel  Axle 
at  M,  is  thereby  moved  forward  or  backward, 
as  the  Buckets  either  rife  or  defeend.  But  what 
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principally  keeps  the  whole  Movement  fleady,, 
is  the  Equilibrium  preferved  in  the  whole  Ope¬ 
ration  by  a  certain  Weight  of  Lead,  at  the  End  of 
a  Leaver  of  fit  Length,  and  fixed  on  one  of  the 
Spindles  of  the  Wheel-work,  the  Numbers 
whereof  are  fo  calculated  as  during  the  whole 
Performance  up  and  down,  to  let  it  move  no 
more  than  one  fourth  of  a  Circle,  from  G  to  K; 
by  which  Contrivance,  as  more  or  lefs  of  the 
Chains  fufpending  the  Buckets  come  to  be  wound 
off  their  refpecSive  Wheels  T and  Z,  this  Weight 
gradually  falls  in  as  a  Counter-balance,  and  fo 
continues  the  Motion  equable  and  eafy  in  all 
its  Parts. 

T II E  Water  wafted  by  this  Machine,  is  not 
above  the  hundredth  Part  of  what  a  Water-wheel 
will  expend,  to  raife  an  equal  Quantity.  But 
v/here  a  Fall,  proportionable  to  the  intended 
Pvife  of  Water,  cannot  be  had,  with  a  conveni¬ 
ent  Sev/er  to  carry  off  the  Wafte-water  over  and 
above,  this  Device  cannot  be  wCd  put  in  Practice. 

N.  B.  The  Iron  JVheel-work  or  the  yack  in 
this  Draught,  is  reprej'ented  I'omething  larger 
than  its  proper  Proportion,  for  the  fake  of 
being  diflinll. 


Fluids 


PLATE  V. 
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Fluids  are  fujlained  m  the  Air,  ninth- 
out  a  Counter-Pressure  from  a- 
hove. 

e 

TH  E  ^  Service  of  the  Atmoiphere  in  the 
raifing  of  Water  being  afcertain’d,  it 
rnay  not  be  amifs  in  the  next  Place  to  lliew, 
that  a  Qi^ntity  of  a  Fluid  lb  heavy  as  Water, 
will  hot  fink  therein,  unlefs  the  Air  have  Liber¬ 
ty  to  prefs  on  the  upper  Surface  thereof,  as  well 
as  the  nether ;  which  may  be  prov’d  by  filling, 
fuppofe  a  Pint  Mug,  or  a  large  Drinking-glafs, 
to  the  Brim  with  \¥ater,  then  covering  it  with 
a  fmooth  flat  Piece  of  Paper,  and  inverting  it, 
the  whole  Body  of  the  Fluid  will  remain  there¬ 
in  fupported  •,  as  in  Fig.  2.  Plate  6. 

It  will  be  granted,  that  if  the  Paper  was  put 
dry  on  fuch  a  V effel  empty,  it  would  fink  in  the 
Air,  and  fall  away  even  by  its  own  Gravity ;  and 
if  put  on  wet,  ’twere  to  be  doubted  whether  a 
very  fmall  Weight  added  thereto,  would  not  fe- 
parate  it  from  the  Glafs,  fo  inconfiderable  would 
the  Tenacity  of  the  Water  be  in  this  Cafe.  The 
Paper  therefore  cannot  be  fuppofed  to  fiipport 
the  incumbent  Weight  of  Water ;  and  the*  true 
Caufe  thereof  mull  be  this.  The  Bottom  and 
Sides  of  the  inverted  glals  Veflel  being  rigid, 
keep  off  the  Prefliire  of  the  Air  from  the  Fluid 
above,  whereas  it  hath  Liberty  of  Accefs,  and 
freely  ads  thereon  below :  And  that  it  does  fo, 
will  in  Part  appear  tp  an  Qbferver  by  the  Conca! 

vity 
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vity  of  the  Paper  underneath.  Could  the  Air’s 
Preflure  in  this  Cafe  be  any  how  admitted  thro' 
the  F oot  of  the  V effel  inverted,  without  doubt 
the  whole  Column  would  defcend  together. 
And  the  like  would  happen  diould  the  Paper  be 
removed ;  but  for  a  different  Reafon,  viz.  the 
large  Column  of  "Water  in  the  Mug,  being 
compofed  of  many  collateral  ones,  which  being 
difpofed  as  in  a  Bundle,  reft  on  the  Paper  where^ 
with  the  Veffel  is  covered,  as  on  a  common. 
Bafe ;  and  thefe  being  all  equally  denfe,  and  e- 
qually  fluid,  are  all  retained,  and  kept  of  the 
lame  Length  by  the  general  and  uniform  Preffure 
of  the  Air  againft  the  Paper  below ;  and  fo  long 
as  this  continues,  none  of  them  getting  the  leaft 
Advantage  over  the  reft,  they  are  all  fuftained  in 
a  Body  compad:  together.  But  when  the  Paper 
is  removed,  it  being  fcarce  poffible  to  hold  the 
Veflel  fo  exadly  level,  but  that  fome  one  or  o- 
ther  of  thefe  fmaller  fluid  Columns  will  become 
longer,  fo  heavier  than  thofe  adjacent,  and  over^ 
balancing  the  reft  will  defcend,  and  give  the 
lighter  Fluid,  the  Air,  leave  to  rife  into  its  Place, 
even  to  the  Top  of  the  Glafs ;  the  general  Preffure 
whereof  being  there  admitted,  will  foon  caufe 
the  reft  of  them  to  move,  and  the  whole  Quan-s. 
tity  will  then  defcend,  feemingly  together. 


Ag  Ai  N,  ihould  a  Veffel  be  but  Part  filled  with 
Water,  the  fame  Efted  vvill  follow  to  a  certain 
Degree :  F or  Inftance,  fuppofe  we  fill  a  long 
Glafs  one  half  with  W^ater ;  cover  it  with  Paper, 
and  turn  it  down  as  before.  Six  Inches  fuppofe 
of  Water,  endeavouring  to  defcend,  will  by  its 

Weight. 
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V/cight  rarify  the  Air  in  the  Glafs  above  it,  per- 
•haps  a  fixtieth  Part  or  more.  The  denfer  Air 
without  v/ill  then  overpoife  the  Air  rarify ’d  with¬ 
in  j  and  therefore  a  certain  Quantity  of  Water, 
equal  to  the  Difference  of  the  two  Preffures,  will 
in  this  Cafe  be  thereby  buoyed  up  and  fupport- 
cd.  But  the  Air  within  the  Glals  being  dilated 
as  aforefaid,  the  Water  fufpended  muff  be  ex- 
pedled  to  hang  fomething  below  the  Mouth  of 
it,  though  not  enough  perhaps  to  overcome 
the  Tenacity  of  the  Water,  and  make  it  all  de~ 
fcend. 


On  the  Fountain  r?/  C  o  m  m  a  n  d  , 

U'P  O  N  this  Principle  a<ffs  the  Fourdain  at 
Command,  Fig.  3.  Plate  6.  The  upper 
Part  whereof.  A,  is  hollow,  having  a  Pipe  foder’d 
therein,  as  C,  continued  nearly  to  the  Top,  on 
which,  being  thruft  into  a  Wire-Socket,  it  reffs  j 
and  by  which  it  may  be  charged  with  Water 
when  turned  down,  to  any  Pleight.  In  the  under 

of  dl ,  a  a,  are  feveral  final  1  Tubes,  thro’ 

which  this  Water  will,  on  the  Admifiion  of 
frefh  Air  thro’  C,  on  Occafions  ifflie.  The  Bot¬ 
tom  Part  B,  is  hollow  to  receive  the  Water 
which  thefe  Ihall  difeharge  thro  an  Openinp*  of 
a  certain  Bignefs,  placed  immediately  under'^the 
Orifice  of  the  middle  Pipe  C,  the  Area  of  which 
Aperture  is  fomething  Icfs  in  Content  than  tliat 
of  all  the  fmall  Ploles  at  a  a  taken  together. 
When  therefore  thefe  all  run,  they  will  yield 
more  Water  than  can  by  the  other  be  received 
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in  any  given  Time.  This  will  caufe  the  Water 
to  rife  in  the  Bafon,  fo  as  frequently  to  cover* 
the  End  of  C,  and  interrupt  the  fucceffive  En¬ 
trance  of  the  Air,  and  confequently  take  olf  its 
Preffiire  from  the  Surface  of  the  Water  inclofed 
in  A:  Whereupon  the  Defcent  of  the  Fluid 
thro’  a  a  will  be  difcontinued,  till  fuch  Time  as 
the  Water  collected  at  Foot  is  run  off,  and  the 
Palfage  for  the  Admiffion  of  freili  Air  cleared  2 
’Twill  then  be  repeated,  flopping  and  running 
by  Turns,  as  at  the  Word  of  Command,  which 
may  be  eafily  given,  by  obferving  the  Motion  of 
the  Fluid  about  the  Foot  of  C 

On  the  T>  ovt  F  u  n  n  e  l. 

IT  is  for  the  fame  Reafon  that  the  Jugglery’s 
Funnel  AB.,  Fig.  4.  Plate  6.  is  ufed  to  run 
or  flop  by  Permiffion. 

This  Machine  is  made  of  Tin  doubled,  and 
as  it  is  to  be  firfl  filled  to  the  Brim  with  Water, 
flopping  the  End  of  the  Pipe  with  the  Finger,  the 
Fluid  will  rife  into  the  Vacancy  or  Hollow  be¬ 
tween  the  Plates,  as  in  the  greater  Cavity  of  the 
Funnel  equally.  The  Air  in  fuchVacancy  inclofed, 
being  puflied  by  the  riling  Water  thro’  the  f  lole, 
ordinarily  concealed  under  the  Handle,  which, 
mufl  be  flopp’d  when  the  Machine  is  full,  and 
continued  fo  till  the  Artifl  thinks  fit  to  diffolve 
tire  Charm,  and  fet  the  Waters  confin’d  at  Li¬ 
berty,  which  he  can  do  by  a  fingle  Touch  of 
his  Finger. 
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On  the  Air-Pipe,  commoftly  called 

the  A  N  T  I  G  U  G  L  E  R  . 

r-|-i  j  s  Subjed:  may  not  be  difmilTed,  wlth- 
^  Jl  out  confidering  the  Ufe  of  the  Antigugler, 
in  the  quiet  decanting  of  Liquors  liable  to  a  Se¬ 
diment.  Having  feen  the  Neceffity  of  the  Air’s 
upper  Preffure,  to  promote  the  eafy  and  uniforms 
Flux  of  Fluids  from  clofe  Veflels,  commonly 
called  Giving  them  Vent ;  ’tis  no  Wonder  that  iu 
decanting  of  Liquors,  v/here  this  is  wanting, 
there  Ihould  happen  a  kind  of  Struggle  between 
the  grolTer  F’luids,  endeavouring  by  their  greater 
Gravity  to  iffue  forth,  and  the  Air,  by  its  Re- 
prelTurc  endeavouring  to  prevent  it  j  whence 
fuch  convulfive  Motions  in  the  Body  of  Liquors 
are  produced,  as  often  raife  their  Bottom,  and 
make  them  foul.  To  prevent  this  Inconveni¬ 
ence  (which,  was  it  proper  to  make  a  Hole  in 
the  Bottle,  might  foon  be  removed)  the  An- 
tigugler  was  invented.  This  Machine  is  no  more 
than  a  crooked  Tube  of  Metal,  fo  bent  as  eali- 
ly  to  be  introduced  in  the  Neck  of  mod:  Bottles. 
Its  general  Form  is  reprefented  Plate  6.  Fig.  5, 

i 

In  order  to  ufe  this  InRrument  with  Succefs,’ 
fhe  Bottle  containing  the  Liquor  to  be  decant¬ 
ed  is  to  be  inclined  a  little  "to  one  Side.  Let 
then  a  fmall  Qi^antity  of  the  Liquor,  half  a 
Spoonful  perhaps,  gently  run  off,  to  anfv/er 
which,  an  adequate  Quantitv  of  Air  will'  en- 
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ter  thro’  the  Neck  with  a  kind  of  Glub,  and  take 
Place  in  the  upper  Part  of  the  Bole.  With  your 
Fore-finger  then,-  in  the  Ring  C,  and  your  Thumb 
held  clofe  on  the  End  of  the  Pipe  A,  introduce  the 
Machine  into  the  Neck  of  the  Bottle,  thrufting  it 
quite  thro’  the  Body  of  the  Liquor,  till  the  End  B 
reaches,  or  is  pretty  near  to  the  Bubble  of  Air 
before  admitted.  In  doing  whereof,  the  Liquor 
cannot  enter,  to  obftrudt  the  Paflage  of  the  Tube^ 
being  kept  out  by  the  Air  inclofed,  and  by  the 
Thumb  confined  therein.  This  done,  on  taking, 
off  your  Thumb,  an  immediate  Vent  will  be 
given  to  your  Bottle,  and  the  Liquor  will  con¬ 
tinue  to  flow  out  fleadily  and  unconvulfed,  with 
much  lefs  trouble  than  by  the  Syphon,  and  to 
equal  Advantage:  For  a  Current  of  Air,  equal 
both  in  Weight,  Force,  and  Qimntity,  to  the 
Liquor  decanted  from  the  Bottle,  will  then 
fucceflively  enter  the  Pipe,  to  maintain  a  juft 
and  peaceful  Equilibrium  between  them^ 


On  the  F'  L  u  X  of  Fluids  in  a 
Stream,  both  confined  and  7tot, 

WHEN  Water  is  at  Liberty  to  flow 
from  the  Surface  of  a  Pool,  or  any 
other  Head,  thro’  a  Hole  an  Inch  Square,  kept 
juft  full,  Monfieur  Marriote,  who  has  been 
very  exadl  in  this  kind  of  Experiment,  informs 
us,  that  thirty  cubick  Paris  Feet  and  a  half, 
will  be  thereby  difcharged  in  an  Hour’s  Time. 
That  thro’  a  Hole  two  Inches  below  the  Sur-. 
face,  and  one  Inch  broad,  eighty  one  cubick 

Feet 
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Feet  will  pafs  unforced.  By  one  of  like  Breadth, 
four  Inches  deepj  two  hundred  and  twenty  two 
eubick  Feet  and  above  half  will  run  off.  By 
another  of  eight  Inches  deep,  that  five  hundred 
and  eighty  three  cubick  Feet  and  near  a  half 
will  be  difeharged,  &c.  Quantities  by  no  means* 
in  any  regular  Proportion.  And  from  the  fame 
Author  we  learn,  that  a  Channel  eighteen  Inches 
deep,  and  one  broad,  will  yield  near  one  thou- 
fand  nine  hundred  and  fixty  fix  cubick  Feet, 
almoft  three  Times  as  much  as  does  one  but 
nine  Inches  deep,  and  fixty  four  Times  the 
Qj^ntity  given  by  a  Hole  one  Inch  fquare  in 
the  fame  Time,  next  the  Surface. 


Whence  it  appears,  that  the  Weight  and 
Prefliire  of  the  incumbent  Fluid  above,  augments 
the  Efilux  of  Water  below,  and  continues  pro- 
grefiively  to  do  fo  the  deeper  we  go.  And  fince 
this  is  the  Cafe,  where  every  Part  of  the  confluent 
Pillar  hath  Liberty  and  free  Scope  to  follow  the 
Laws  of  Gravitation,  it  may  well  be  expedted, 
that  when  a  Head  of  Water  is  kept  up  and  con¬ 
fined,  all  the  collateral  Columns  whereof  are 
known  to  prefs  equally  according  to  their  com¬ 
mon  Height,  fhould  it  then  be  opened  in  divers 
Places  below  the  Surface,  the  Expence  of  Wa¬ 
ter  at  each  v/ould  be  very  clilferent,  thro’  Aper¬ 
tures  or  Holes  of  the  fame  Diameter.  And  this 


Expence  is  always  found  to  be  in  a  fubduplicate 
Proportion  to  their  Diftances  from  the  Surface  : 
That  is  to  fay,  the  Hole  that  is  four  Foot  below 

4/  i 


the  Surface,  fhall  yield  twice  the  Water  in  the 
fame  Time  as  will  the  fame  Opening  at  one 
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Foot.  One  at  nine  Foot,  lhall  give  three  Times 
the  Water  of  the  firfl ;  and  at  fixteen  Feet  deep, 
the  fame  fliall  fupply  four  j  and  at  twenty  five 
Feet,  fiveTimes  the  Water  in  any  given  Time  that 
may  be  had  from  a  I lole  made  but  one  F oot  be¬ 
neath  the  Surface  of  the  Head )  and  the  contrary, 
inverting  the  Propofition.  For  Inftance :  I  find  in 
one  Part  of  the  Service,  that  h  receives  three 
Times  the  Water  that  A  does  in  another,  thro” 
Pipes  of  equal  Bore  in  equal  Times  ;  it  follows 
then,  that  he  lies  nine  Times  lower  with  refpedt 
to  the  Refervoir,  than  A  j  and  fo  of  any  other 
Proportion. 

Now  the  Quantity  of  Water  each  may  ex- 
pecfb  to  receive,  may  be  eftimated  fufficiently 
near,  from  the  faid  Monfieur  Marriote’s 
Experiments ;  who  found,  that  the  Expence  of 
Water,  iffuing  horizontally  thro’  a  Q^rter  of 
an  Inch  Bore,  thirteen  F oot  beneath  the  Head 
(Paris  Meafure)  yielded  jufi;  fourteen  Paris  Pints 
in  a  Minute.  On  this  Principle  the  following 
Table  is  calculated,  which  may  ferve  to  give  an 
Idea  of  the  Expence  of  Water  made  thro’  verti¬ 
cal  Apertures  in  any  Service,  not  more  than  fifty 
two  Foot  beneath  the  Refervoir,  where  extra¬ 
ordinary  FriEtion  and  Hindrances  are  removed : 
Remcmbring  only,  that  the  Proportion  of  the 
Paris  is  to  the  Enghjlo  Foot,  as  i6  to  15 
nearly ;  and  that  the  French  Pint  is  a  very  fmall 
Matter  bigger  than  our  Qiwrt,  for  which  proper 
Allowances  are  to  be  made  in  all  Calculations  of 
this  Kind. 
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Paris  Feet. 

Paris  Pin 

I 

3,8829 

S 

8,6824 

10 

12,2770 

13  , 

14,0000 

i5>o3^3 

20 

17,3648 

25 

19,4144 

■  30 

21,2675 

35 

22,9715 

40 

24,5540 

45 

26,0472 

50 

27,4560 

52  1 

28,0000 

An  d  from  the  fame  Principle, the  juft  Expence 
of  Water,  for  a  greater  or  lefs  Depth,  at  any 
Time,  might  be  found  according  to  Theory,  by 
faying, 

As  1 3  Paris  Feet ;  the  Height  of  the  Refer-" 
’Voir  on  which  the  Experiment  was  made^ 

Is  to  14  Paris  Pints -y  the  ^lantity  in  a  M.i- 
flute  yielded  thro'  a  ^luarter  of  an  Inch  Bore  : 

So  IS  the  geometric  Mean  between  the  faJd  13 
Foot  and  the  Depth  propofed-,  or  tb(>  Square 
Root  of  their  Produef, 
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"To  the  Expence  of  Water  in  like  Einie  iffuing 
thro  an  equal  Botr,  at  the  Depth  required. 

It  may  by  the  Way  be  here  remarked,  that 
on  the  Trial,  the  Qi^ntity  of  effluent  Water 
very  often  falls  fliort  of  what  might  thus  be  ex- 
pefted  from  Theory  j  the  Reafon  of  which  will 
be  conlider’d  hereafter. 

The  Proportion  of  Water  that  may  be  fup- 
ply’d,  in  like  Circumflances,  at  any  Depth  be¬ 
low  the  Head,  being  however  thus  far  deter¬ 
mined,  the  Qiwntity  to  be  received  there  for 
Service,  will  next  be  found  to  depend  on  the 
Bignefs  of  the  Bore,  or  the  Section  of  the  Pipe 
leading  from  the  Main. 


On  the  Size  Pipes  of  Conduct. 

T‘  HE  Capacities  of  Circles  are  always  in 
Proportion  to  the  Squares  of  their  Dia¬ 
meters  :  So  that  if  a  certain  Quantity  of  Wal¬ 
ter  be  fupplied  by  a  Bore  a  Quarter  of  an  Inch 
in  Diameter,  in  any  Place,  thro’  one  of  half  an 
Inch,  four  Times,  and  by  one  of  an  Inch,  fixteen 
Times,  the  Water  will  in  the  fame  Time  be 
admitted. 

And  to  find  in  general  what  the  Size  of  cy- 
lindric  Pipes  to  fupply  Water  on  the  fame  Le¬ 
vel,  in  any  given  Proportion,  ought  to  be,  this 
Analogy  may  be  ufed. 
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As  the  known  ^lantity  of  W aterfupply'd  by  a 
Pipe  of  any  certain  Bore,  in  a  given  fime. 

Is  to  the  Square  of  the  Diameter  thereof: 

So  is  the  ^antity  of  Water  in  an  equal  Dime 
required. 

To  the  Square  of  the  Diameter  of  the  Bore 

of  the  Pipe  fought  in  a  direft  Proportion, 

» 

* 

Again  :  Suppofe  I  have  a  Water-pipe  two 
Inches  in  the  Bore,  which  on  Experiment  lup- 
plies  my  Ciftern  in  an  Hoar  and  a  half 5  but 
wanting  this  to  be  done  in  half  the  Time,  I 
would  know  what  the  Bore  of  the  Pipe  for  this 
Purpofe  ought  to  be.  I  then  fay, 

Ais  90  Minutes,  the  Pime  in  which  ’tis  now 
done. 

Is  to  tioe  Square  of  2  • 

So  is  45  Mimites,  or  half  the  Pime, 

Po  the  Square  Root  of  or  2,828  Inches,  the 
Diameter  of  the  Pipe  required  -,  in  a  reciprocal 
Proportion.  ’ 

And  by  the  fam,e  Rule,  a  Pipe  3,464  Inches 
in  Diameter,  will  be  found  to  do  the  fame  Ser¬ 
vice  in  a  third  of  the  Time,  or  thirty  Minutes. 

Both  the  Rules  foregoing  m.ay  be  fuffici- 
ently  confirm’d  by  Experiment.  The  firfh  by 
making  Holes  of  the  fame  Diameter  in  any  per¬ 
pendicular  Pipe,  kept  always  full  of  Water,  at 
Diflances  in  the  Proportion  propos’d,  Pag.Zi. 
The  firfl  fiippofe  at  three  Inches  beneath  the 
Surfice,  the  fecond  at  tv/elve,  the  third  at  twenty 

G  3  feven,^ 
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feven,  tJie  fourth  at  forty  eight  Inches,  &c.  and 
’twill  be  found,  that  double  the  Water  will  be 
yielded  by  the  fecond  as  will  illue  by  the  firft 
in  equal  Times  5  thrice  the  Water  by  the  third; 
and  by  the  fourth,  double  the  Water  of  the  fe~ 
cond, 

And  to  prove  the  fecond  Rule  given,  n.nz. 
that  by  an  Opening  of  twice  the  Diameterj 
four  Times  the  Difcharge  will  be  made  at  the 
fame  Level ;  in  any  Part  of  the  Tree  make  fuch 
Openings,  or  for  greater  Exadtnels,  have  Slip- 
pipes,  bor’d  well  in  that  or  any  other  Propor¬ 
tion,  to  thruft  into  the  Holes.  I.et  thefe  be. 
Hopp’d  and  unflopp’d  at  the  fame  Inftant ;  and 
■the  Meafure  of  the  Water  iffuing  will  clearly  de- 
monflrate  them  to  be  in  Proportion  as  are  the 
Squares  of  their  Diameters,  if  nothing  obflruft. 

On  F  RTCTioN  in  Water-Works, 


H  E  Obflruclions  in  Water-Works  com 


JL  monly  proceed  from  the  F ridtion  of  the 
Fluid  with  the  Pipes  of  Conveyance,  and  other 
Parts  of  the  Apparatus,  either  from  an  undue 
Confinement  in  fome  Part  or  other,  or  from 
Flexure,  that  is,  by  a  Change  of  the  Line  of  its 
natural  Diredtlon  to  another,  by  a  too  acute  or  aa 
improper  Angle. 

Since  the  Circumferences  of  Circles  are  in 
a.  diredl  Proportion  to  their  Diameters,  the  larger 
the  Pipe  of  Conduct  is,  the  lefs  will  the  Fric¬ 


tion 
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tlon  alv/ays  be.  For  Infcance ;  the  Circumfe¬ 
rence  of  a  Circle  whofe  Diameter  is  2,  is  no 
more  than  twice  as  great  as  that  whofe  Diame¬ 
ter  is  But  I  ;  and  its  Surfice  being  only  dou¬ 
ble,  there  can  be  no  more  than  twice  the  Fric¬ 
tion  of  Parts  from  this,  as  from  that ;  pro¬ 
vided  the  Fluid  move  in  both  with  equal  De¬ 
grees  of  Velocity  :  Whereas  the  Area’s  or  Sec¬ 
tions  of  circular  Pipes,  are  in  a  duplicate  Pro¬ 
portion,  or  diredly  as  the  Squares  of  their  Dia¬ 
meters.  The  Pipe  then,  which  has  2  for  its 
Diameter,  has  4  for  its  x'\rea  ;  and  confequently, 
with  only  double  the  Fridtion  of  the  Pipe  whofe 
Diameter  is  i,  difeharges  four  Times  the  Wa¬ 
ter  in  equal  Times. 

That  there  is  a  Diftd vantage  attending  the 
Change  of  the  Diredtion  of  a  Fluid,  appears 
from  Experiment ;  fince  it  has  been  found  on 
Trial,  that  if  fifteen  Pints  run  from  a  Hole 
made  in  the  Bottom  of  a  VeiTei  kept  conftantly 
full  of  Water,  in  a  given  Time,  there  will  ifilie 
but  fourteen  thro’  an  Opening  of  the  fame  Size, 
and  in  the  fame  Level,  fpouting  perpendicularly 
upwards,  tho’  each  Hole  had  the  fame  Height  of 
Water  conftantly  above  it,  and  v/hen  the  Work 
was  done  with  the  greatefi:  Judgment,  and  the 
leaf  Fridlion  that  could  be.  This  Check  pro¬ 
ceeded  no  doubt  from  changing  the  Diredtion 
from  the  perpendicular  Line  of  Gravitation,  to 
another  contrary  to  it,  thereby  occafioning  pro¬ 
bably  feveral  Refledlions  of  the  Fluid  from  Side 
to  Side  of  the  Bend,  which  muft  needs  prove  a 
confiderable  Hindrance  to  the  ilfuing  Stream  : 

G  4  Whereas 
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Whereas  had  a  Length  of  Pipe  been  affixed  and 
added  to  the  Bottom  Hole,  the  Efflux  of  the 
Vv"ater  thereby  would  be  flill  greatly  augmented; 
becaufe  the  longer  a  heavy  Body  continues  to 
fall,  the  greater  is  its  Acceleration  downward, 

Mr.  Marriotte  found,  upon  repeated 
Trials,  that  a  cubick  Foot  of  Water  would 
run  off  thro’  a  Pipe  of  an  Inch  Bore  fix  Foot 
long,  in  thirty  feven  Seconds ;  thro'  a  Pipe  of 
equal  Bore,  and  but  three  F oot  long,  it  was  dif- 
charged  in  forty  five  Seconds ;  and  by  the  Hole 
only,  without  any  Pipe  at  all,  in  ninety  five  Se¬ 
conds  ;  \¥hence  it  appears,  that  a  Length  of 
Pipe  added,  does  greatly  promote  the  Accelera^ 
tion  of  a  falling  Fluid. 

Since  the  Efflux  of  Water  thro'  any  Hole 
muff  be  with  the  Celerity  a  Body  wou’d  acquire 
in  falling  from  the  Weight  of  the  fuper-incum- 
bent  Water,  it  is  not  difficult  to  determine  a  priori 
vrhat  the  Velocity  and  Quantity  of effluent  Liquors 
ought  to  be:  Yet  in  reality,  as  was  hinted,  there 
generally  comes  out  lefs  than  the  Theory  requires ; 
the  Odds  being  fometimes  greater  and  fometimes 
fmaller,  depending  doubtlefs  on  the  Form  of  the 
Hole  or  of  the  Cock  thro’  which  the  Water 
fpouts ;  that.is,  as  thefe  happen  to  be  more  or  lefs 
properly  adapted  to  the  Figure  or  Shape  of  the 
effluent  Vein  of  Water,  naturally  contradfing 
itfelf  into  a  much  narrower  Area  than  that  of 
the  emitting  Perforation.  But  if  that  Paffage  or 
the  Cock  were  fo  well  fitted  to  the  converging 
Motions  of  the  ftreaming  Fluid,  as  adequately 

to 
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to  embrace  the  contrafting  V ein  in  all  its  Parts, 
then  the  Qi^ntity  of  Water  and  its  Velocity 
paffing  thro’  the  narrowed;  Part  of  the  Aperture, 
will  anfwer  pretty  near  to  the  Theory,  as  Sir 
Isaac  Newton  hasobferved. 

An  Experiment  was  accurately  made  by  Dr. 
Desagueiers,  of  the  running  of  Vfater  ho¬ 
rizontally  thro’  a  Hole  five  eightlis  of  an  Inch 
in  Diameter,  the  Centre  whereof  was  julf  four 
Foot  below  the  Surface  of  the  Water  of  a  VelTel 
kept  always  full.  This  Vein  of  Water  fo  con- 
tra<d;ed  itfelfj  that  at  half  an  Inch  Difiance  from 
the  Hole,  that  is,  where  it  feem’d  thinnefi,  it 
ail  ran  thro’  a  Hole  of  half  an  Inch  Diameter 
made  in  a  tin  Plate.  By  afterwards  weighing 
the  whole  Body  of  Water  produced,  and  reducing 
it  to  a  Cylinder  of  half  an  Inch  Diameter,  or 
fomething  under,  it  appear’d,  that  the  Velo¬ 
city  of  the  Water  ifiuing,  v/as  the  fame  as  a 
Drop  of  Water  wou’d  have  acquir’d  in  falling 
the  Height  of  four  Foot  in  Vacuo..  In  this  Cafe 
therefore  we  are  not  to  call  the  Hole,  or  Aper¬ 
ture,  five,  but  four  eighths  of  an  Inch  in  Dia¬ 
meter  ;  and  that  we  may  always  confider  as  a 
Hole  without  F ridtion,  with  which  the  Theoiy 
will  fufficiently  correfpond. 

It  mufi  at  the  lame  Time  however  be  con-= 
fefled,  that  confidering  the  great  Difficulty  there 
is  in  making  Experiments  of  this  kind  with  to¬ 
lerable  Accuracy,  the  Want  of  Excellency  in  a  pro¬ 
per  Apparatus  for  the  Purpofe,  and  the  Nicety  and 
Skill  required  in  ineafuring  the  Breadth  of  the  run¬ 
ning 
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ning  V ein,  to  which  may  be  alfo  added,  the  Length 
and  Difpofition  of  the  Sides  of  the  emitting 
Pipe,  and  all  other  Impediments  to  be  confider’d, 
that  it  will  not  be  improper  to  have  an  Eye  at 
the  lam-e  Time  upon  Experiment  and  Meafure  in 
Cafes  of  this  Kind,  and  not  wholly  to  depend  on 
any  Tables  or  Calculations  whatever;  according 
to  the  Advice  of  the  Marquis  de  Pol  ini,  that 
ingenious  and  truly  accurate  Author,  in  his 
Treatife  de  Cajiellis.,  Se6t,  64. 


On  A  C  C  E  L  E  R  A  T  I  O  N  of  ¥  A  hL- 
iNG  Bodies,  /^Gravity. 


H  E  Acceleration  of  Bodies  falling  in  Va- 
A  ,  Clio,  may  be  rightly  reprefented  by  the  odd 
Numbers,  as  they  progreffively  rife.  If  in  the 
firft  Second  of  Time,  a  heavy  Body,  free’d  from 
any  Refinance  of  the  Medium  thro’  which  it 
ought  to  pafs,  will  defcend  with  the  Velocity  of 
fixteen  F oot,  and  one  tenth ;  for  fake  of  Bre¬ 


vity,  fay,  about  one  Rod  ;  during  the  Space 
of  the  fecond  Second,  ’twill  fall  v/ith  the  Ve¬ 
locity  of  three :  So  that  at  the  End  of  the 
fecond  Space  of  Time,  it  will  be  got  down-, 
w^-i'ds  in  all  four  Rods.  By  help  of  this  Ac* 
celeration,  continually  promoted  by  the  Pouter 
of  Gravity,  or  Attradtion  toward  the  Earth, 
during  the  third  Second,  'twill  fill  with  the  Ve¬ 
locity  of  five  Rods ;  during  the  fourth  with  fe- 
ven  ;  the  fifth  wnth  nine ;  and  fo  on  progrefiive- 
iy  till  it  reach  the  Center  of  Gravity,  which  with 
us  is  the  Center  of  the  I^arth. 


I'm’' 

1  H  F. 
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The  Aftion  of  Gravity  on  falling  Bodies, 
is  ealier  to  be  conceived  by  Reflection  than  il- 
luflrated  by  Vv^ords;  becaufe  we  want  Images 
wherewith  the  progreflive  AClion  of  it  can  be 
well  compared.  Let  us,  however,  fuppofe  a 
Body  like  a  Tennis-ball,  without  V/eight,  and 
therefore  not  fubjeCl  to  the  Law  of  Gravitation  ; 
Such  a  Body  put  in  Motion,  and  meeting  with 
no  Impediment,  will  move,  as  all  Matter  incline 
to  do,  in  a  flraight  Line,  according  to  the  Di¬ 
rection  given  it.  Let  us  then  fuppofe  a  Number 
of  Men  ftanding  a  Rod  afunder,  in  a  Row,  v/ith 
Rackets  in  their  Hands.  Let  the  firfl:  ftrike  this 
Ball,  giving  it  one  Degree  of  Motion ;  ’twill 
the  rewith  proceed  on  to  the  fecond.  Let  him. 
alfo  give  it  a  Stroke  j  ’twill  then  go  on  with  two 
Degrees  of  Motion  to  the  third ;  who  ftriking  it 
alfo,  will  fend  it  forward  with  tliree  Degrees 
of  Motion  to  the  fourth  j  who  communicates 
another  Degree  of  Motion  to  it,  and  fo  forward. 
Or,  which  is  the  fame  thing  in  EfleCf,  let  one 
Man  give  it  a  Blow,  then  follov/  and  flrike  it 
fucceflively  at  the  End  of  every  Rod.  ’Tis 
certain,  the  more  Impulfes  are  thus  given  by 
the  Strokes  of  the  Rackets,  the  greater  will  the 
Acceleration  be ;  and  a  Body  having  no  Weight 
will,  in  this  Circumftance,  thus  proceed. 

Now  it  cannot  be  flippoled  that  Gravity  aCls, 
as  the  Cafe  is  here  put,  by  Fits  and  Starts;  but 
inceflantly,  and  at  every  Inftant,  from  the  very 
Beginning  to  the  End  of  the  Fall.  Let  us  then 
fuppofe  Gravity,  or  Weiglit,  given  to  our  Bali, 

and 
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and  that  it  is  either  Iron  or  Lead,  and  dropp’d 
from  fome  Eminence.  If  at  the  End  of  the  firil 
Second  of  Time,  when  it  has  acquir’d  the  Ve¬ 
locity  of  one  Rod,  it  iliould  lofe  its  Gravity, 
and  ceafe  to  be  heavy  ;  it  would  thence-for- 
ward,  meeting  with  no  Impediment,  proceed 
with  the  V elocity  of  one  Rod  in  a  Second  con¬ 
tinually.  But  as  that  cannot  happen,  and  as 
the  Impulfe  of  Gravity  is  conftantly  ailing  there¬ 
on,  it  not  only  will,  in  the  fecond  Second,  ga¬ 
ther  P ower  to  go  one  Rod  forward,  as  at  firfl; ; 
but  alfo  acquire  an  additional  Force,  precipi¬ 
tating  it  Rill  onwards  a  Rod  :  As  if  the  Racket 
Ihould  not  only  Rrike  it,  at  the  Beginning  of 
the  fecond  Space  of  Time,  but  Inould  make 
thereon  a  kind  of  a  (hoving  Stroke ;  fo  as  to 
fend  it  on  thencefoi-ward  wnth  the  Force  of  three. 
At  Beginning  of  the  third  Second,  let  us  imagine 
it  to  receive  a  new .  Impulfe  and  Gravity,  in  the 
Interval,  Rill  ading,  brings  it  to  the  fourth  Se¬ 
cond  with  the  V elocity  of  live.  In  this  Manner, 
an  additional  Impulfe  being  obtained  by  the 
Weight  Rill  drawing,  ’twill  during  every  fuc- 
ceeding  Second  be  accelerated  by  the  Force  of 
two  progreflively  j  which  makes  the  Velocity  by 
falling  Bodies  acquired,  always  to  increafe  in 
the  Ratio  of  the  odd  Numbers,  i,  3,  c, 
7,  9,  II,  13,  15,  17,  19,  21, 

Hov/ever  difficult  it  may  be  to  defcribe  the 
Adion  of  Gravity  on  falling  Bodies,  in  Words ; 
’tis  certain,  tliat  in  Pradlice,  and  on  Experi¬ 
ment,  the  abovelaid  Ride  is  found  to  be  true: 
The  Space  palled  thro’  by  falling  Bodies,  where 

no 
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no  Obftriiftion  is,  being  always  in  Proportion 
to  the  Squares  of  the  Times  paffed  over  during 
their  Defcent.  For  Example;  one  Rod  palled 
by  a  heavy  Body,  in  the  firll  Second  of  Time, 
with  three  Rods  palTed  in  the  fecond  Second, 
make  four  Rods,  equal  to  the  Square  of  the  Time, 

,  or  two  Seconds.  Again,  this  four  added  to  the 
five  Rods,  paired  thro’  in  the  third  Second,  make 
nine,  equal  to  the  .Square  of  three.  And  nine 
added  to  feven  Rods,  pafled  in  the  fourth  Se¬ 
cond  of  Time,  make  fixteen,  equal  to  the 
Square  of  four.  To  this  add  nine  Rods,  gone 
thro’  in  the  fifth  Second,  and  ’twill  make  twen¬ 
ty  five,  equal  to  the  Square  of  five ;  and  fo  for¬ 
ward. 


To  meafure  therefore  any  Depth,  ’twill  be 
a  very  good  Way  to  count  the  Seconds  a  heavy 
Body,  or  one  not  fenfibly  afiecded  by  the  Re¬ 
finance  of  the  Air,  is  falling ;  and  the  Square  of 
thole  Seconds,  multiplied  by  the  known  Space 
that  a  heavy  Body  falls  thro’  in  one,  will  give 
the  Anfwer  in  Feet,  fufficiently  near.  For 

As  I,  the  Square  of  one  Seco?td, 

Is  to  i6  Foot,  the  Defcent  in  that  Seco7id: 

So  is  the  Square  oj  any  other  Number  of  Seconds, 

To  the  Space  by  a  Body  fallen  thrd  in  the  Dime 
required. 

For  Inllance ;  I  find  by  all  Circumllances, 
that  a  Stone  falls  plumb  into  Water,  7  Seconds 
after  ’twas  delivered  Eorn  the  Hand  :  ’Twill  then 
be  49  Tapes  16,  or  784  Foot  down  to  the 

"Water. 
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Water.  We  ought  indeed  to  allow  about  eleven 
hundred  and  fifty  Foot,  or  three  hundred  and 
eighty  three  Yards,  in  a  Second,,  for  the  Return 
of  Sound  to  the  Ear,  if  it  cannot  be  feen  to 
plunge  :  But  if  that  be  done,  fuch  Allowance 
is  not  neceflary;  fince  the  Progreffion  of  the 
Rays  of  Light  is  incomparably  fwifter  than  that 
of  Sounds. 

An  D  on  the  contrary ;  if  the  Height  be  known, 
by  the  fame  Rule  may  likewife  be  determined 
in  what  Time  a  heavy  Body,  let  fall  from  the 
Top,  will  reach  the  Bottom.  Let  us,  for  Ex¬ 
ample,  take  Salisbury  Steeple,  Laid  to  be  four 
hundred  Foot  high. 

As  1 6  Foot  y  the  Space  pa  [fed  in  one  Second  of 
Fime^ 

Is  to  the  Square  thereof  or  i  .* 

So  are  400  Foot,  the  given  Space  or  Fall, 

To  22,  the  Square  of  fve  Seconds,  or  the  Fime 
in  which  this  Experiment  might  be  made. 

And  in  ordet  todifeover  what  Space  a  falling 
Body  may  have  palTed  thro’  in  any  one  parti¬ 
cular  Second  of  Time  during  its  B'all,  for  Ex¬ 
ample,  in  the  twelfth  after  the  Delivery ;  the 
Difference  between  one  hundred  and  forty  four, 
the  Square  of  the  twelfth,  and  one  hundred 
and  twenty  one,  the  Square  of  the  eleventh  Se¬ 
cond,  the  Time  under  Confideration,  will  de¬ 
termine  it  to  be  about  twenty  three  Rods. 

An  Idea  of  this  Matter  may  alfo  be  pretty 

well 
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well  had  from  Galileo’s  Method,  delineated 
Fig.  6.  Plate  6.  wherein  the  Intervals  or  Times 
of  the  Body’s  Fall,  reprefented  by  the  equal 
Parts  A  BCD  Ein  the  Line  A  E,  the  Velo¬ 
cities  wherewith  they  fall,  are  denoted  by  the  e- 
qual  Lines  B  F,  CG,  DPI  and  El,  at  right 
Angles  therewith  j  and  the  Area  of  the  trian¬ 
gular  Spaces,  all  fimilar  and  equal,  point  out  di- 
redlly  the  Quantity  of  the  Fall,  or  the  Accele¬ 
ration  of  the  Body,  in  any  particular  Space  of 
Time.  Forinftance;  in  the  firft  Second,  AB 
reprefenting  the  Time,  FB  the  Velocity  arifing 
from  Gravity;  the  Triangle  ABF  compleated, 
will  denote  the  Space  gone  thro’  in  that  Time, 
or  one  Rod.  If  the  Time  be  doubled,  as  AC, 
the  V elocity  will  alfo  be  doubled,  and  then  re¬ 
prefented  by  CG.  Complcat  the  Triangle  ^CG, 

and  the  firll  Space  ABF,  will  be  found  four 
Times  contained  therein.  If  the  Time  be  tripled, 
the  Velocity  will  flill  bear  the  fame  Propor¬ 
tion,  and  then  the  Space  palfed  thro’  will  be 
reprefented  by  the  whole  Triangle  ADH,  con¬ 
taining  nine  Spaces  or  Rods ;  and  fo  on  to  the 
fourth  Second,  and  forward.  ' 


Since  falling  Bodies  are  in  this  ?vfanner  ac¬ 
celerated,  it  may  feem  ditBcult  perhaps  to  con¬ 
ceive  how  a  perpendicular  Pipe,  fix’d  at  Bot¬ 
tom  of  a  Veflel  ol  Water,  Ihould  continue, 
during'  the  Effiux,  alt^'ays  full ;  which,  ftriftly 
fpeaking,  ought  not  to  be  fo,  on  Account  of  this 
Acceleration,  which  ought  to  caufe  the  Water 
to  run  out  of  the  Pipe  fifter  than  it  really 
couid  -  come  in  .  hence  it  nugnt  be  appre¬ 
hended. 
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hended,  that  in  Time  the  Pipe  might  be  empty 
before  the  Water  was  all  out  of  the  V effel.  T o 
which  we  reply,  that  tho’  all  Bodies  are  by  Gra¬ 
vity  accelerated  in  their  Fall,  in  the  Proportion 
of  the  odd  Numbers  already  mentioned  and 
muft  allow,  that  if  two  heavy  Bodies,  A  and 
B,  he  let  fall  one  Second  after  another,  the  firft 
would  get  a  Head  of  the  other,  nor  would  they 
keep  at  an  equal  Diftance  during  their  Defcent. 
For  if  at  the  End  of  one  Second,  after  A  is 
let  go,  B  Ihould  be  delivered,  the  firft  will  be 
proceeding  at  the  Rate  of  3,  while  the  other  is 
getting  on  but  at  the  Rate  of  i .  During  the  third 
Second,  A  will  be  by  Gravity  urged  on  with 
the  Force  of  5,  while  B  can  have  obtained  the 
Celerity  but  of  3 .  So  that  if  at  the  End  of  the 
firft  Second,  they  were  but  a  Rod  afunder,  at 
the  End  of  the  fecond  they  would  be  three  Rods 
apart  j  five  at  the  End  of  the  third,  feven  at  the 
End  of  the  fourth,  and  fo  forward  progrelTively. 
Yet  it  ought  here  to  be  confider’d,  that  the  Wa¬ 
ter  in  our  perpendicular  Pipe,  does  not  run  into, 
and  out  of  it,  fucceffively  and  by  Starts,  but  even¬ 
ly  and  continually.  And  tho’  by  the  Acceleration 
of  falling  Bodies,  their  Velocity  does  increafe, 
on  which  Account  the  Water  in  its  Progrefs 
thro’  the  Pipe,  if  the  Refiftance  of  the  Air  and 
every  other  Impediment  was  away,  might  be  al¬ 
low’d  to  be  a  fmall  Matter  rarify’d  j  yet  as  the 
Particles  of  Water  contain’d  in  the  defcending 
Pillar  fet  forward  one  after  another  in  Spaces 
of  Time  infinitely  lltort,  and  being  tenacious, 
adhere  pretty  well  togetlier,  they  apj5ear  as  to 
Scnie  to  make  an  even  Stream,  and  full  in  eve- 
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ry  Part.  ’Tis  therefore  impoffible,  that  fo  long 
as  there  is  Water  in  the  Veffel  for  a  Supply,  fuch 
Pipe  fliould  become  void  of  Water  $  nor  is  the 
Objedlion  any  more  than  a  Nicety. 

It  may  however  here  be  remarked;  that 
when  the  Preffure  of  the  Fluid  above  the  Hole 
of  the  Pipe,  is  fo  far  abated  as  not  wholly  to 
lili  it,  the  F/Vacuation  will  then  be  continued  in 
a  Ipiral  Figure.  ^The  like  happens  on  pulling 
up  the  Plug  of  a  Ciftern ;  when  the  Water  is 
almoft  run  off,  being  refilled  by  the  Air  be¬ 
neath,  it  falls  of  itfelf  into  a  fcrew-like  Mo¬ 
tion,  leaving  a  Hollow  in  the  Middle,  round 
which  it  feems  to  twill  itfelf  forward.  Nor  is 
it  unlikely,  but  that  the  whole  Column  of  Wa¬ 
ter  in  its  Progrefs  thro’  the  Pipe,  even  when 
fullell,  may  naturally  incline  always  to  move  in 
this  Manner,  the  better  to  overcome  the  Fric¬ 
tion  of  the  Fluid  againll  the  Sides.  A  very 
great  Dilpofition  to  this  kind  of  Motion  may  be 
obferved  by  the  Stream,  as  often  as  Liquors  are 
poured  leifurely  from  one  Velfel  to  another : 
And  indeed  in  all  fmall  Effluencies  or  Veins  of 
running  Water  whatever,  this  Spinning  in  the 
Fluid  is  very  remarkable. 


H 
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The  Motion  Projectiles,  nearly 
in  the  Parabolic  Curve,  demon-' 
frated. 


_  $ 

TO  the  Power  of  Gravity  attracting  hea-^ 
vy  Bodies  downward,  in  Combination 
with  the  impellent  Force,  by  which  they  are 
obliged  to  follow  a  diiferent  Direction,  it  is 
owing,  that  Fluids,  in  the  Way  of  Jets-d'Eau^ 
and  indeed  all  other  ProjeCliles,  move  nearly  in 
the  parabolic  Curve ;  which  a  Spout  of  Water^ 
or  rather  Mercury,  will  at  any  Time  defcribe, 
if  the  Jet  have  any  Degree  of  Elevation  :  And  if 
it  be  made  horizontally,  only  a  femi-parabolic 
Figure.  The  Draught  of  the  one  is  exhibited 
Fig.  7.  and  that  of  the  other  Fig.  8.  Plate  6, 
The  Reafon  why  projected  Bodies  endeavour  to 
move  always  in  that  Manner,  will  come  next 
under  Conhderation. 

’Tis  a  famous  Propofitioii  in  Mechanicks, 
That  when  a  Body  is  impelled  by  two  difierent 
Forces,  not  direCtly  in  the  fame  Line,  that  it 
will  not  proceed  flriCtly  in  either  of  their  Di¬ 
rections  j  but  fomewhere  between  both,  ^oiz.  in 
the  Diagonal  of  a  Parallelogram  compounded 
of  both.  F or  Inftance :  Let  a  heavy  fpherical 
Body  at  Ay  Fig.  9.  Plate  6.  be  ftruck  with  a 
Spring,  or  receive  fome  other  impuhive  Force, 
in  the  Direction  AB,  it  would  thereupon  in¬ 
cline  to  move  from  A  to  5  j  or  let  a  like  Im- 
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pulfe  be  given  it  along  the  Line  AC^  the  fame 
will  happen  :  But  let  both  Springs  ftrike  it  toge¬ 
ther,  and  give  it  different  Diredlions  as  before, 
it  will  then  roll  abfolately  in  neither,  but  along 
the  Diagonal  Line  A  D,  thereby  intimating  to 
us  the  certain  Direction  of  that  F orce  which  is 
thus  compounded  of  the  other  two. 

To  prove  this  by  Experiment :  Take  a  Ball,' 
fallen  to  it  two  Threads ;  in  a  Table  bore  two 
Holes,  as  in  the  Diagram  at  C  and  B,  thro’ 
which  put  the  Ends  of  the  Threads,  to  which 
let  equal  Weights  be  hung  j  bring  the  Ball  to 
the  Point  A.  In  this  Cafe  fhould  either  of  the 
Weights,  &c.  be  fuffered  to  draw  fingly,  no 
doubt  our  Ball  will  follow  in  the  Line  of  ei¬ 
ther  Direction  indiflerently  from  A:  But  let 
them  both  aCl  thereon  together,  it  will  then 
move  in  the  Diagonal,  and  incline  to  pafs  from 
A  towards  D,  tho’  from  the  Nature  of  the  Ex¬ 
periment  it  can  only  reach  half  Way. 

After  this,  let  the  impulfive  Forces  be  put 
unequal,  the  like  will  happen,  and  the  Diago¬ 
nal  of  a  Parallelogram,  whofe  contiguous  and 
oppofite  Sides  are  proportionable  to  the  different 
Weights  at  Bottom  apply’d,  will  truly  point 
out  the  Path  or  Line  of  Direction,  in  which 
the  Body  thus  impelled  will  incline  to  move. 
For  Inf  lance :  Let  the  Force  intimated  by  the 
Line  AB  continue  the  fame  as  before,  but  di- 
minifh  that  reprefented  by  AC  one  half  j  the 
Line  denoting  the  new  Force  mufl  be  dimi- 
minifhed  in  the  fame  Proportion,  and  the  Pa- 

H  3  rallelogram 
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rallelogram  will  then  be  conftrudled  on  the 
Lines  AB  and  AE,  the  half  of  j  the  Di¬ 
agonal  whereof  will  be  the  Line  AF.  In  this 
Cafe  alfo  bring  the  Ball  again  to  A,  and  quitting 
it,  fuffer  thefe  two  Forces  to  ad  thereon  toge¬ 
ther,  you’ll  find  the  Ball  will  move  along  the 
Diagonal  of  this  new  Parallelogram,  as  before  it 
did  along  that  of  the  other,  fo  long  as  the  im- 
pulfive  F orces  continue  to  ad  in  Conjundion ; 
which  will  be,  as  before,  to  about  half  Way  of 
the  Line  AF. 

This  holds  univerfally  true,  and  may  there¬ 
fore  properly  enough  be  applied,  in  accounting 
for  the  Movement  of  Spouts  of  Water,  and  all 
other  projeded  Bodies  nearly  in  the  Diredion  of 
the  Parabola  which  is  generated  between  that 
Force  by  which  the  Body  is  impelled  forward 
continually  decreafing,  and  the  Power  of  Gra¬ 
vitation  continually  increafing. 

For  Inftance:  Let  us  fuppofe  a  Cannon 
planted  at  the  Top  of  the  Pike  of  Fenerif,  or 
any  other  fliarp  Hill,  was,  with  a  fmall  Charge 
of  Powder,  to  difcharge  a  Bullet  horizontally, 
which,  had  it  no  Gravitation  towards  the  Earth, 
that  is,  was  it  without  Weight,  would  fly  ofl', 
as  all  Matter  inclines  to  do,  having  a  horizontal 
Diredion  given  it,  or  one  different  from  that  of 
Gravity  in  a  Tangent  Line  to  the  Earth ;  juft 
as  does  a  Stone  from  the  Circle  wherein  ’tis 
vdiirl’d  round  by  the  Sling.  And  was  the  Re- 
fiftance  of  the  Air  and  all  other  Mediums  re- 
•  moved,  it  would  always  maintain  the  fame  Ve- 
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locity  with  which  it  left  the  Muzzle  of  the 
Piece.  But  as  neither  of  thefe  can  happen,  in 
the  prefent  State  of  Things,  let  us  confider  what 
will  follow.  Firfl,  the  Refiftance  of  the  Me¬ 
dium  thro’  which  the  Ball  paffes,  will  every 
Moment  obftrudt,  and  at  length  become  equal 
to  the  Impulfe  by  the  Powder  given ;  which 
will  in  time  reduce  it  to  a  State  of  perfect  Reft. 
Secondly,  the  Power  of  Gravity  continually  ail¬ 
ing  thereon,  v/ill  at  the  lame  time  confpire  to 
bring  it  out  of  the  Line  of  the  Fire,  and  caule 
it  to  tend  downward,  in  the  Proportion  of  the 
Acceleration  of  falling  Bodies,  already  men¬ 
tioned. 


Let  us  fuppofe,  that  in  the  firft  Second, 
when  the  Impulfe  is  ftrongeft,  the  Bullet  will 
pafs  forward,  at  the  Rate  of  ten  Rod.  Gravity, 
as  foon  as  the  Explolion  is  made,  puts  in  its 
Claim,  and  tho’  it  be  then  but  weak,  and  the 
other  ftrong,  yet  will  be  able  to  l>ring  it  down 
toward  the  Earth  by  the  Space  of  one  Rod  ;  or 
in  Fig.  7.  Plate  6.  from  ^  to  B.  During  the 
next  Second,  fuppofe  it  retarded  fomewhat,  by 
beating  thro’  that  Quantity  of  Air,  fo  that  it  can 
get  forward  in  this  Second  but  at  the  rate  of 
nine  Rod.  Gravity,  never  fdent,  but  always  a£t- 
ing,  will  bring  it  downward  that  while  with  the 
Velocity  of  three :  Of  confequence  therefore, 
’twill  move  along  the  Diagonal  of  the  two  ail¬ 
ing  F orces,  as  in  the  Draught  from  B  to  C.  The 
third  Second,  ’twill,  being  ftill  retarded  as  before, 
proceed  but  with  th£^.glqcity  of  eight  Rod. 


Gravity  by  that^^ 


Inland 


a  Defcent 
of 
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of  five  Rods ;  fo  that  the  Place  of  the  Projedtile 
will  then  be  found  at  D.  The  following  Se¬ 
cond,  for  the  fame  Reafon,  it  gets  on  at  the 
Rate  of  feven  Rods  perhaps;  Gravity  in  the 
mean  Time  caufing  a  Defcent  of  feven  Rods, 
the  Ball’s  Place  will  then  be  at  E.  The  fifth 
Second,  ’twill  keep  on  at  the  rate  fuppofe  of  fix 
Rods;  Gravity  that  while  making  it  defcend 
nine,  and  the  Ball  moving  along  the  Diagonal 
of  a  Parallelogram  whofe  Sides  are  proportion- 
able  to  the  Strength  of  the  two  Forces,  by  that 
Time  will  bring  it  as  far  as  F.  And  thus  one 
of  them  gaining,  and  the  other  lofing  Power 
continually,  it  will  reach  perhaps  the  Earth, 
having  defcrib’d  a  Curve  pretty  near  a  Semi- 
• 

The  Reprefen  ration  of  the  Parabola  in  all  its 
Varieties,  may  by  a  Jet  of  Qmck-filver,  receiving 
all  the  different  Degrees  of  Inclination,  contained 
in  a  Quadrant  or  Carter-circle,  be  at  any  Time 
obferved.  And  here  it  may  be  remarked,  that 
the  utmofl  Range,  or  the  greatefl  Projection 
that  can  be  made  of  a  Ball,  is  always  obtained 
when  the  Elevation  of  the  Tube  or  Piece  is  about 
forty  five  Degrees,  or  the  half  of  a  Right-angle, 
above  the  Horizon,  as  in  Fig.  8.  Plate  6. 
Wherein  the  greatefl  Diflance  a  Bomb  can  be 
thrown  to  from  the  Mortar  at  C,  is  fuppofed  to 
be  reprefented  in  that  Degree  of  Elevation. 
Whereas  fliould  it  be  raifed  above  that  Angle, 
for  Inflance,  to  fifty  Degrees,  it  will  not  throw 
it  near  fo  far ;  and  fliould  it  be  lower’d  as 
'much, or  down  to  forty  Degrees,  the  Confequence 
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will  be  the  fame.  And  thus,  by  two  different 
Inclinations  of  the  projecting  Tube,  a  ProjeCtile 
may  be  made  to  fall  on  the  fame  fpot  of  Ground ; 
traverfing  however  very  different  Tracks  of  Air 
to  get  thither. 

It  ought  here  however  to  be  remarked,  that 
were  Bodies  near  our  Earth  to  be  projected  in 
an  unrelifting  Medium,  according  to  the  Doc¬ 
trine  of  Galileo,'  their  Motion  wou’d  be  per¬ 
form’d  in  the  Parabola  exaCtly.  But  as  all  our 
Obfervations  muft  be  made  on  Bodies  moving 
in  the  Air,  the  Curve  they  really  move  in  falls 
conliderably  fliort  of  that  Line,  which  they  wou’d 
otherwife  have  defcribed ;  and  elpecially  toward 
the  End  of  their  Motion,  when  the  projeCtile 
Force  by  Reafon  of  the  Reliftance  of  the  Air 
is  much  impaired.  Nor  is  this  Deviation  incon- 
liderable,  even  tho’  the  projected  Body  be  of 
Lead  or  Iron,  elpecially  if  they  be  thrown  far : 
But  the  Odds  is  itill  greater,  if  the  projected  Bo¬ 
dy  be  fo  light  as  Water. 

Sir  Isaac  Newton  demon ftrates,  that  the 
Motion  of  Projectiles  in  Air  is  rather  perform’d 
in  a  Curve  of  the  hyperbolic  Kind  j  and  he  ac¬ 
cordingly  found  that  a  horizontal  Jet-d’Eau^ 
which  Ihould  have  gone  to  the  Diftance  of  forty 
Inches  in  a  Parabola,  upon  Trial  reach’d  only 
to  thirty  feven  j  the  Refiftance  of  the  Air  tak¬ 
ing  off  a  thirteenth  Part  of  its  projeCtile  Force. 
In  Dr.  Grave  sand’s  Experiments,  inftead  of 
thirty  one  Inches  and  a  half,  it  only  reach’d 
twenty  nine  and  a  half;  not  much  different  in 

H  4  Proportion 
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Proportion  from  the  former.  And  even  in  the  Ex¬ 
periments  which  Mr,  Roemer  made  with  a 
Body  fo  denfe  as  Qmckfilver,  the  Heights  and 
DiftanceSj  efpeciaily  in  great  Elevations,  were 
fomething  lefs  than  the  Theory  of  Parabolas 
required,  merely  from  the  Refiftance  of  the  Air  5 
the  Quantity  of  which  Refiftance  is  now  to  be 
confidered. 

On  the  Resfstance  of  Fluids  to 
Bodies  moving  therein. 

HERE  are  two  Kinds  of  Ref  dance  in 
,I_  Fluids :  The-  one  is  from  the  Vifcidity, 
Tenacity,  or  Cohefion  of  their  Parts ;  the  other 
from  the  Inaflivity,  or  what  Sir  Isaac  New¬ 
ton  calls  the  Vis  Inertia  of  Matter. 

T  h  e  Refiftance  of  the  latter  is  that  Force  by 
which  every  Body  endeavours  to  continue  in  the 
State  ’tis  in,  whether  of  Reft  or  Motion.  That 
of  the  former  is  a  Refiftance,  produced  over  and 
above  that  of  the  Vis  Inertia,  by  the  Spiffitude 
or  Vifcidity  of  fome  Fluids.  For  Example  j  was 
a  Body  dropp’d  into  melted  Honey,  fuppofing 
the  Honey  in  that  Circumftance  to  be  a  perfeft 
Fluid,  the  Refiftatice  it  meets  with,  when 
moved  therein,  will  be  according  to  the  Vis 
Inertia  only  :  But  when  the  Parts  of  the  Ho¬ 
ney,  by  cooling  become  ftiff,  the  Difference 
of  the  two  Reftftances  will  then  be  that  of  the 
Tenacitv. 

.  The 
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The  Vis  Inertia  of  Matter  Is  no  where  more 
confpicuouSjthan  in  the  fudden  Motion  of  aVelTel 
full  of  Water  along  a  Plane,  upon  which  the 
Liquor  at  firft  feems  to  move  with  a  Diredlioii 
contrary  to  that  of  the  Veffelj  for  riling  a- 
gainft  the  hinder  Side,  it  will  commonly  flafli 
over.  Not  that  there  is  really  any  fuch  Mo^ 
tion  impreffed  on  the  Liquor ;  but  that  by  the 
Vis  Inertia  of  Matter,  the  ’Water  endeavouring 
ftill  to  continue  in  a  State  of  Reft,  the  Veffel 
cannot  in  an  Inftant  communicate  its  Motion 
to  it  I  it  not  being  a  conliftent  or  a  fixed  Body 
like  itlelf^  but  a  Fluid ;  The  L^uor  therefore 
perfeveres  for  a  fmall  Time  in  its  firft  State  of 
Reft,  while  the  Veflel  makes  forward,  and 
therefore  feems  to  move  a  contrary  Way.  But 
when  the  Liquor  has  the  Motion  of  the  Vef¬ 
fel  fully  communicated  to  it,  and  begins  to 
move  with  a  Velocity  equal  to  that  of  the 
Veftel,  they  then  proceed  very  quietly  together. 
Yet  even  then  fliould  the  Veffel  be  fuddenly 
flopp’d,  the  Liquor  endeavouring  to  contimfc 
its  Motion,  will  dafli  again  over  the  other  Side 
of  the  Veffel. 


This  pafiive  Principle  or  Inadtivity,  is  eflen- 
tlal  to  Matter ;  becaule  it  can  no  how  be  de- 
priv  d  of  it.  It  can  neither  be  fulpended  in  it, 
nor  abated;  but  is  always  proportionable  to  the 
Denfity  of  Bodies,  or  the  Quantity  of  Matter 
they  relpedtively  contain. 


io6  Motion  of  Fluids, 

The  Refiftance  from  Tenacity  in  Fluids, 
if  it  be  not  always  uniform,  is  diredlly  accord¬ 
ing  to  the  Degree  of  Velocity  in  the  moving 
Body  only;  becaufe  the  Vifcidity  of  the  Matter 
will  be  barely  feparated  to  make  Way  for  its 
Motion.  And  this  yielding  of  the  Parts  is  al¬ 
ways  the  fame,  whether  the  Motion  be  fwifter 
or  flower ;  whereas  the  Refiflance  of  the  Vis 
Inertia  is  always  as  the  Squares  of  the  V elocity 
of  the  moving  Body ;  that  is  to  fay,  fuppofe  one 
Body  moves  with  three  Degrees  of  Velocity, 
and  another  but  with  two;  the  different  Refif- 
tances  they  will  meet  with  in  that  Cafe,  will 
not  be  as  3  to  2,  as  is  that  of  the  Tenacity,  but 
as  9  to  4.  Or  again ;  fuppofe  a  Body  to  move 
lirfl  with  one,  and  then  with  two  Degrees  of 
Motion,  the  Difierence  will  there  be  as  i  to  4  j 
becaufe  the  Body  having  twice  as  much  Motion, 
it  miifl  flrikc  twice  as  many  Parts,  and  doing 
it  with  double  the  Velocity,  mufl;  ftrike  them 
twice  as  hard,  and  confequently  pufli  them 
twice  as  far.  Juil  as  if  I  fliould  give  ten 
Shillings  to-day  to  ten  Men,  and  to-morrow 
fhould  give  twice  the  Number  of  Shillings  a- 
piece  to  double  the  Number  of  Men ;  ’tis  plain, 
my  Diftribution  to-morrow  will  be  four  times 
what  it  was  to-day. 

This  again  may  be  demonftrated  by  Expe¬ 
riment,  thus:  Take  four  or  miore  fmooth  flat 
Bodies,  fuppofe  boxen  Draught-men ;  let  thefe 
reprefent  as  many  Particles  of  any  fluid  Matter. 
Lay  them  on  a  fmooth  Surface,  two  and  two  a- 
bi'caft,  pretty  clofe  together;  pafs  any  Thing 
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that  is  fmooth  and  hard  gently  through  them, 
they  will  be  juft  feparated  thereby,  and  pufhed 
fideways  barely  to  once  the  Breadth  of  the  mov¬ 
ing  Body.  Join  them  again,  and  let  the  Body 
pais  thro’  them  with  twice  the  former  Veloci¬ 
ty,  they  will  not  only  be  parted  as  before,  but 
will  be  ftruck  off  laterally  alfo,  to  twice  the 
Breadth  of  the  moving  Body.  Increafe  the  Ve¬ 
locity  ftill,'  and  the  Parts  moved  thereby  and 
difplaced,  will  evidently  appear  to  be  according 
to  the  Square  of  the  Degrees  of  the  Celerity 
wherewith  this  is  done. 

Upon  this  Account,  ’tis  plain  the  Reilftance 
of  Fluids  to  moving  Bodies  may  on  fome  Occa- 
lions  be  very  confiderable  j  and  when  the  Velocity 
of  the  Proje<ftile  is  very  great,  it  may  equal  even 
the  Reilftance  of  a  folid  or  fixed  Body.  For 
Inftancej  let  a  Cloth  be  ipread  fuppofe  a  Yard 
under  Water,  with  a  moderate  Charge  of  Pow-. 
der  fire  a  Bullet  at  it,  ’twill  pierce  it  probably ; 
whereas  ihould  you  double  the  Charge,  and  re¬ 
peat  the  Experiment,  ’twill  be  beaten  flat,  and 
not  reach  it  before  the  Force  of  the  Powder  is 
ipent. 

In  Vacuo  all  Bodies  fall  equally  fail  j  a  Cork 
for  Inftance  and  a  Bullet,  a  F eather  and  a  Piece 
of  Gold,  all  lodge  themielves  exa<3:ly  together. 
The  true  Quantity  of  this  Fall,  in  the  firft  Second 
after  Delivery,  is  experimentally  found  aswasfaid 
to  be  1 6, 1  F oot  EngUJh  j  tho’  in  our  former 
Calculations,  the  Word  Rod  was  ufed  to  pre¬ 
vent  Multiplicity  of  Words,  and  Confufion  from 

broken 
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bioken  Numbers,  Was  there  a  IVIedium  for 
thefe  Bodies  to  pafs  thro’,  they  would  none  of 
them  fall  fo  far  in  the  fame  Time ;  and  the  lefs 
ponderous  Bodies  would  be  affected  by  its  Re- 
fiftance  moft:  So  that  the  Cork  might  foon 
ceafe  to  move  with  an  accelerate,  and  afterwards 
continue  to  fall  with  an  equable  Motion  in  the 
Airj  which  the  Feather  would  likewife  do,  but 
fooner  flill. 

\. 

The  Refiftance  of  the  ordinary  Fluids,  fuch 

as  the  Air,  Water  and  Mercuiy,  is  obferved  to 
be  cl'iiefly  owing  to  that  of  their  Vis  Inertice, 
and  very  little  to  their  Tenacity :  So  that  the 
Denfity  of  Fluids  being  known,  their  Refiftance 
is  eafily  calculated.  Thus  Water  refifts  about 
eight  hundred  and  fifty,  and  Mercury  about  e- 
level!  thoufand  nine  hundred  Times  more  than 
Air,  And  it  has  been  found  by  caufing  Pendu¬ 
lums  to  ofcillate  or  fwing  in  thofe  Fluids,  that 
the  Motion  loft  by  their  Refiftance,  was  juftly 
proportionable  to  their  Denfities,  or  the  Qimn- 
titie§  of  Matter  in  them  fcverally  contained. 

For  the  Confirmation  hereof,  we  muft  refer 
to  Sir  Isaac  Newton’s  Experiments:  Who 
filling  a  Veffel  of  a  confiderable  Length  with 
Water,  let  fall  in  it  fpherical  Bodies,  of  diffe¬ 
rent  fpecifick  Gravities,  and  then  calculating 
how  far  they  would  fail  in  that  Medium,  re¬ 
garding  its  Denfity  only,  and  rejeding  the  Te¬ 
nacity,  he  found  the  Experiment  anfwer’d  to  it. 
And  in  Company  of  Dr,  D  e  s  a  g  u  l  i  e  R  s,  he  let 
fall  Bodies  oflikeForm,  from  the  upper  Gallery  of 
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St.  Paul's  Cupola,  two  hundred  and  feventy  two  ■ 
Feet  from  the  Ground,  and  found  the  fame 
Thing  to  happen  alfo  in  the  Air.  Whence  it 
fufficiently  appears,  that  the  Air  has  no  fenfibly 
Tenacity  3  much  lefs  then  can  it  have  either  A.i~ 
traction  or  Cohelion  of  Parts. 

Of  Jet  s-d’E  a  u. 

WE  have  feen  that  Fluids  led  in  Pipes, 
will  always  rife  to  the  Level  of  the 
Refervoir  whence  they  are  fupplied ;  the  riling 
Column  being  pulhed  forward,  and  raifed  by 
another  equally  heavy,  at  the  fame  Time  endea¬ 
vouring  to  defcend.  And  a  like  Effedl  might 
be  expected  from  Jets  of  Water,  thus  impell’d, 
did  not  Friftion  againft  the  Sides  of  the  Ma¬ 
chines,  and  the  Relillance  of  the  Air,  both  la¬ 
teral  and  perpendicular,  generally  prove  an  A- 
batement,  and  prevent  its  riling  fo  high  as  the 
Head. 

Where  Jets  are  executed  in  the  bell  Man¬ 
ner,  and  the  Fridion  fpoken  of  is  as  much  as 
poffibly  removed,  the  Impediment  of  the  Air 
only,  thro’  which  they  needs  mull  beat  in  their 
Rife,  will  caufe  them,  according  to  Experiment, 
to  fall  Ihort  of  the  Height  of  the  Refervoirs,  in 
the  following  Proportions,  wz. 


no 
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Re  SE  RVO  1  R. 


Jett. 


Feet, 


Feet,  Inch# 


5 

lO 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 


5  •  I 

10  :  4 
15  :  9 
21  :  4 
27  :  I 
33  •  o 
39  •  I 
45  :  4 
51  :  9 

58  :  4 
65  :  I 
72  :  o 

79  :  I 
86  :  4 

93  :  9 

101  :  4 
109  :  1 
117:0 
125  :  I 

133  :  4 


Whence  in  general  it  may  be  obferved  j 

‘That  fo  often  as  a  five  Foot  fiet  (to  be  taken 
in  thefe  Matters  as  a  Standard) 

Shall 
propofed 

By  Jo  many  Inches  multiplied  into  themfielvesji 
or  j'quared, 

The  Surface  of  the  Water  in  the  Rejervatory 
vohich  fupplies  it^  ought  to  exceed  that  fet  in 
Height,  Thus 


be  contained  in  the  Height  of  any  Jet 
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Thus  to  obtain  a  Jet  of  thirty  Foot,  whicli 
contains  five  Foot  fix  Times,  the  Refervoir  ought 
to  be  thirty  fix  Inches  or  a  Yard  higher ;  and 
a  Jet  of  fixty  Foot  may  be  had  from  a  Head 
higher  by  four  Times  that  Difference,  or  four 
Yards.  So  that  Jets  fall  Jhort  of  the  Heights 
of  their  Refervatories,  in  a  kind  of  fubduplicate 
Ratio  of  the  Heights,  to  which  they  rife. 

This  great  Difproportion  in  the  Rife  of  Jets 
muff  in  general  be  owing  to  the  Refinance  of 
the  Air  they  are  made  to  move  thro’ ;  which 
has  been  fliewn  to  be  in  Proportion  to  the 
Squares  of  their  Celerities  refpedively :  Nor  can 
the  Acceleration  of  the  falling  Water  in  the 
Pipe,  or  the  Retardment  of  the  riling  Stream 
by  the  Adion  of  Gravity,  be  concerned  at  all  in 
it  j  fince  thefe  are  adequate,  and  counterbalance 
each  other  every  where  in  the  fame  Level. 

Tjie  Air’s  Refiflance  being  thus  confider- 
able,  ’twill  always  be  found  neceflary  to  increafe 
the  Bore  of  the  Adjutage  or  Spouting-pipe,  with 
the  Height  of  the  Refervatory  :  For  if  it  be  too 
fmall,  the  riling  Stream  will  want  lufiicient 
Weight  and  Power  to  cleave  the  Air;  which 
being  denfefi;  near  the  Earth,  a  Imall  Stream 
of  Water,  endeavouring  to  mount  to  a  great 
Height,  will  be  dalhed  againli;  it  with  fo  great 
Violence,  as  to  fall  away  in  a  Mid  and  be 
wholly  lod.  And  it  may  be  obferved,  that  the 
weightier  any  Body  is,  the  greater  Force  it  will 
have  when  in  Motion;  Since  an  Ounce  Ball 

fir’d 
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fir’d  from  a  Mufquet,  will  go  much  farther,' 
and  do  greater  Execution,  than  will  an  equal 
Weight  of  Shot  j  and  thefe  again  will  be  pro- 
jedled  farther  than  fo  much  Lead  ralp’d  into 
Powder  and  fir’d  off.  A  Charge  of  Water  wou’d 
fcarce  wet  a  Paper  at  the  Diflance  of  fix  Foot. 
And  accordingly,  fhould  a  Cask  of  Water  be 
any  where  pierc’d  with  Holes,  two,  four,  fix, 
eight  and  twelve  Lines  over,  all  in  the  fame  Le¬ 
vel,  the  larger  Bore  will  always  be  found  to 
throw  the  Water  farthefl. 


It  may  be  of  Ufe  here  to  add  Mr.  Mar- 
riot  e’s  Proportions  of  the  Bores  of  the  Adju¬ 
tages  and  Pipes  of  Condudt,  who  was  very  con- 
verfant  in  thefe  Things,  and  hath  written  very 
well  on  this  Subjedt. 

N.  B,  'The  French  divide  their  Inch  into  twelve 
equal  Parts,  which  they  call  Lines. 


Heights  of 
Refewoivs. 


Diameters  of  ft  Ad¬ 
jutages* 


Diameter  of  the  Pipes  of 
ConduU, 


Feet, 


Lines. 


Lines. 


5 

lo 

15 

20 

25 

30 

40 

50 

60 

80 

100 


4>  5>  O’*  6 

4,  5,  or  6  -  - 

5,  or  6  -  - 

6,  or  half  an  Inch 

Ditto  -  -  - 
Ditto  -  -  - 

7,  or  8  -  -  - 

8,  or  10  -  - 

10,  or  12 

12,  or  14  - 

12,  14,  or  15 


22 

25  Inches^ 

27,  or  2 1 
30,  or  2  f 
33,  or  2  I 
36,  or  3 
51,  or  4i 
65,  or  5  i 
72,  or  6 
84,  or  7 
96,  or  8 

Hence 
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Hence  it  may  be  remarked,  that  there  is  a 
certain  and  fit  Proportion  to  be  obferved  be¬ 
tween  the  Adjutage  whereby  the  Jet  is  delivered, 
and  the  Pipe  conducting  it  from  the  Head* 
In  general,  About  jive  times  the  Diameter  of  the 
Adjutage  for  jets  under  half  an  Inch,  and  fx 
or  feven  Dimes  for  all  above,  will  fze  the  Pipes 
of  ConduSl  pretty  well :  Not  but  ’twill  always 
be  an  Error-  on  the  right  Side,  to  have  them 
rather  larger  than  in  firiClnefs  they  ought  to 
be,  that  the  Jet  may  always  be  freely  fupplied 
with  Waterj  and  in  due  Time. 

For  a  like  Reafon,  if  there  he  Occafion  fora 
Cock  to  be  placed  in  any  Part  of  the  Pipe  of  Con¬ 
duct,  Care  fiiould  be  taken  that  it  fliould  be  there 
bigger  in  Proportion,  that  the  Water-way  may 
not  be  pinched ;  but  that  the  Cavity  be  left  at 
leaft  equal  to  the  reft  of  the  Bore  of  the  Pipe. 

The  Expence  of  Water  made  by  Jets  to  a- 
ny  Altitude,  may  be  pretty  well  collected  from 
what  was  faid  under  the  Article  of  the  Flux  of 
flreaming  Fluids  from  Openings  beneath  their 
Head,  Page  83,  and  the  following,  viz.  That 
from  equal  Bores,  it  would  always  be  in  a  fubdu- 
plicate  Proportion  of  their  Heights.  All  necelfary 
to  be  added  thereto  is.  That  if  thro’  any  Hin¬ 
drance  or  Deficiency  in  the  ConduCt-work,  a 
Jet  fhould  happen  not  to  rife  io  high  as  might 
be  expected  from  the  Regulation  in  this  Sec¬ 
tion  laid  downP^o-^-  no,  the  Expence  of  Wa¬ 
ter  on  that  Occafion  ought  not  to  be  com¬ 
puted  from  the  Height  of  the  Refervatory,  but 

I  from 
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from  the  Rife  of  the  Jet.  For  Inftance:  Sup- 
pofe  a  Refervoir  of  thirty  three  Foot,  which 
ought  to  play  a  Jet  of  thirty  Foot,  plays  but 
one  of  twenty,  which  a  Refervoir  of  twenty 
one  Foot  four  Inches,  done  in  a  good  Manner, 
would  alfo  do,  in  this  Cafe  regard  being  had  to 
the  Size  of  the  Adjutage,  the  Expence  of  Wa¬ 
ter  can  poflibly  be  no  greater  than  what  a  twen¬ 
ty  Foot  Jet  might  be  expedled  to  make. 

The  Bore  of  an  Adjutage  cannot  be  too 
fniooth  or  true.  Thofe  that  are  cylindrical 
are  beft;  thofe  that  are  bored  conical  worle, 
becaufe  of  the  Refledtions  of  the  Water  from 
the  inclined  Sides  of  the  Machine,  which  in  the 
Hurry  of  the  iifuing  Stream  will  in  them  una¬ 
voidably  be  made. 

To  conclude  this  Subjedl,  let  us  attend  to  the 
Conftrudtion  of  a  very  pretty  portable  Foun¬ 
tain,  that  being  once  charged  with  Water,  and 
inverted,  will  play  a  Jet  nearly  as  high  as  the 
Refervoir,  till  the  Fluid  is  exhaufled  ;  and  then 
turned  up  on  the  other  End,  the  fame  Thing 
will  happen,  and  a  real  Clepfydra,  or  Water- 
Clock,  be  thereby  formed. 

Th  IS  Device  reprefented  Plate  7.  Fig.  i.  con- 
hfts  of  two  hollow  VelTels,  A  and  B,  commu¬ 
nicating  with  each  other  only  by  the  recurv’d 
Tubes  C  and  D  at  the  Ends  of  which,  E  and 
F,  are  plac’d  fmall  Adjutages  to  diredt  the  Jet. 
G  and  H  are  two  open  Tubes,  foder’d  into  the 
Bottom  of  the  Bafons  belonging  to  A  and  B, 
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thro’  which  the  Water  flows  in,  and  fills  thof® 
VefTels  to  a  certain  Height,  that  is,  according 
to  their  Length,  They  by  their  Diipofition  al- 
fo  prevent  the  Return  of  Water  the  fame  Way, 
when  the  Machine  is  turned  upfide  down. 

On  the  Specifick  Gravity  of 

B  O  D  I  E  Si 

Aristotle’s  Notion  of  the  Elements  was, 
That  the  Earth  and  Water  were  pofitively 
heavy  j  Fire  pofitively  light ;  and  Air  indilferent 
as  to  either.  His  Followers  therefore  afiirm.  That 
the  Afcent  of  Bodies  is  ov/ing  to  their  pofitive  Le« 
vity,  as  that  of  Flame  and  Smoke,  for  Inftance, 
But  in  this  they  are  miflaken  :  F or  Bodies  are 
only  relatively  light  or  heavy,  according  as  they 
are  compared  with  others  of  a  different  Kind. 
So  that  Flame  or  Smoke  afeend  not  becaufe  they 
are  really  light ;  but  becaufe  they  are  buoyed 
up  by  the  Air,  which  is  denfer,  and  therefore 
in  its  Nature  heavier  than  they  :  For  Flame  in 
V acuo  will  foon  fubfide  ;  and  Smoke,  when  the 
fuliginous  Parts  thereof  become  heavier  than  the 
Medium  round  them,  will  vifibly  defeend.  Thus, 
Oil  or  Wine  do  not  fwim  on  Water  becaufe  of 
their  own  Levity  5  but  becaufe  Water  is  the  hea- 
vier  Fluid,  and  finks  in  them.  In  Air  moft  Bo¬ 
dies  fink,  becaufe  it  is  very  light  5  in  ¥/ater  not 
lo  many,  it  being  far  more  denie  j  in  IVIercury 
fcarce  any  may  be  totally  immers’d,  from  the 
like  Caufe,  Nor  is  there  any  greater  Reafon 
that  Cork  fhould  be  termed  light,  becaufe  ’twill 

I  2  fwim 
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V. 

fv/im  in  Water;  than  that  Iron  fhould  be  e- 
ileemed  fo,  becaufe  ’twill  fwim  in  Mercury. 

I N  general  therefore.  One  Body  is  /aid  to  be 
fpecifically  heavier  or  denfer  than  another^  when 
it  contains  more  Matter,  or  a  greater  Degree  of 
Weight,  under  the  fame  or  an  equal  Bulk ;  or  an 
equal  Degree  of  Weight,  in  lefs  Space  or  Corn- 
pafs.  For  Inflance ;  a  cubick  Inch  of  Gold 
weighs  ten  Ounces  Troy,  an  equal  Qrantity  of 
Lead  hardly  lix,  of  common  Water  fomething 
better  than  half  an  Ounce ;  fo  that  Gold  is  about 
nineteen,  and  Lead  about  eleven  times  denfor 
and  therefore  Ipecifically  heavier  than  Water : 
And  thus  of  the  reft. 

Specifick  Gravity  then  is  appropriate  or 
the  Gravity  peculiar  to  any  Body,  whereby  it 
may  be  diftinguifhed  from  Bodies  of  a  different 
Kind.  ’Tis  fometimes,  and  not  improperly, 
called  relative  or  comparative  Gravity,  to  diftin- 
guifti  it  from  abfolute  or  poftive  Gravity ;  which 
laft  always  increafes  in  Proportion  to  the  Bulk  of 
the  Body  weigh’d,  diredlly,  the  other  not.  Ab- 
folutely  confider’d,  a  Pound  of  one  Thing  is  as 
heavy  as  a  Pound  of  another,  without  regard  to 
what  their  fpecifick  Gravities  are :  Thus  a  Pound 
of  Feathers,  Cork,  orSpunge,  weighs  as  much 
as  does  a  Pound  of  Lead ;  but  with  regard  to 
their  relative  Gravities,  or  Bulk  for  Bulk,  they 
are  very  different. 

A  Body  Ipecifically  heavier  than  a  Fluid,  will 
flak  therein,  becaufe  it  weighs  more  than  the 

Fluid 
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Fluid  by  it  difplaced,  and  whofe  Room  it  takes 
up ;  So  that  the  imaginary  Surface  immediately 
under  the  Body,  being  there  more  prefs’d  than 
by  the  Water  in  any  other  Part,  it  therefore 
yields,  and  lets  it  thro’.  But  a  Body  fpecifically 
lighter  than  a  Fluid,  will  always  rife  therein; 
becaufe  it  prefles  lefs  on  the  imaginary  Surface 
beneath  it,  than  the  Fluid  in  whofe  Place  it  is 
fubilituted  would  have  done. 

Was  there  any  Neceffity  of  proving  this  by 
Experiment,  it  might  thus  be  done :  Take  a 
linall  glafs  Bolt-head,  which,  was  it  folid  and 
of  a  Lump,  wou’d  be  near  three  times  heavier 
than  Water ;  but  being  hollow,  and  full  of  Air 
only,  ’twill  emerge  and  fwim.  This  may  be 
fo  nicely  filled  with  Water,  by  the  Stem,  that 
at  Top  of  a  Jar  it  may  be  made  to  fwim ;  in 
the  Middle  it  may  remain  at  a  poife ;  and  put 
beyond  that,  or  lower,  it  rnay  fink. 

Tins  will  be  brought  about  by  the  Spring  of 
the  Air  included  therein;  which  being  com- 
preflible,  will  either  contrail  or  dilate  itfelf  ac¬ 
cording  to  the  Degree  of  Preflure  ’tis  under. 
Toward  the  upper  Part  of  the  Jar  ’twill  be 
prefs’d  by  little  more  than  the  Atmolphere ;  to¬ 
ward  the  Middle,  by  the  Atmc^phere  and  fome 
Inches  perhaps  of  Water ;  and  at  the  Bottom, 
by  more  Water  ftill.  In  the  firfi;  Cafe,  the  Air 
in  the  Machine  cannot  be  fo  much  prefs’d  as  in 
the  fecond ;  in  the  fecond,  not  fo  much  as  the 
lafi: :  Whence,  as  the  Prelfure  comes  to  be  in- 
Lreafed,,  more  Water  will  be  gradually  thruft 
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into  It,  as  the  Mputli  of  the  Machine  is  un-<. 
flopp’d,  making  the  v/hoie  fpecifically  more 
heavy,  and  fo  will  produce  the  forementioned 
Effedl  very  vifiDly,  v/hen  tried  on  a  Machine 
that  is  fmall. 

Upon  the  fame  Principle  it  is,  that  glafs' 
Images  are  made  to  rife  or  fink  in  a  long  Jar 
of  Water  at  the  Word  of  Command.  Thefe 
have  commonly  a  Flole  left  in  their  lower  Parts, 
thro’  v/hich,  by  only  fucking  out  the  Air,  having 
a  little  Water  at  the  fame  time  in  one’s  Mouth, 
they  may  be  fo  far  charg’d  therewith,  as  will 
caufe  them  to  fwim  eredr,  at  Top  of  the  Jan 
Let  this  be  afterward  flopp’d  with  a  good  yield¬ 
ing  Cork,  or  cover’d  with  a  Leather  or  Bladder, 
well  tied  over  the  Mouth,  and  a  Prefilire  of  the 
Hand  occafionaily  applied  thereon,  will  caufe 
them  to  link  ;  and  on  Abatement  of  that  Prefe 
lure,  they  will  rife  again  at  Pleafure ;  or  by  an 
equal  Degree  of  Prelfure,  they  may  be  flopp’d, 
or  feem  to  be  fufpended,.  in  any  Part  of  the 
fluid  Columin 

This  accidental  Prefl'ure  is,  in  Effedl,  equi¬ 
valent  to  the  lengthening  out  the  Pillar  of  Wa¬ 
ter,  in  the  lafl  Experiment;  For,  by  a  greater 
Degree  of  Prefilire  applied,  the  Air  being  con-^ 
denied  in  the  Image,  more  Water  will  be  thrull 
into  its  Cavity,  which  the  Air,  iii’  its  Rellitu-  • 
tion,  will  thrull  back  when  that  Prelfure  is 
withdrawn.  Both  thefe  Experiments  are  repre-. 
fented  under  the  Pneumaticks,  Fig.  i8.  Plate  8. 
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B  Y  the  way,  it  may  here  be  remarked,  that 
there  are  very  few  if  any  Animals  of  themfelves 
fpecificaily  heavier  than  common  Water.  The 
Subftances  indeed  of  both  Animals  and  Vegetables 
frequently  are  fo ;  and  the  floating  of  either  is  gene¬ 
rally  owing  to  the  Cells  or  Receptacles  in  them  in- 
terlperfed,  which  in  the  one  are  fill’d  with  Air  or 
Oil,  in  the  other  with  Air  or  Refin,  which  being 
all  lighter,  will  fwim  in  Water.  If  then  Flefh  and 
Bones  are  of  themfelves  Ibmewhat  heavier,  the 
Fluids  and  the  Fat  are  fomewhat  lighter ;  to 
which  if  we  add  the  large  Quantity  of  Air  in 
thefe  every  where  included,  as  on  Cupping, 
evidently  appears,  they  will  be  found  together 
to  make  a  Mafs  fpecificaily  a  good  deal  lighter 
than  a  comparative  Bulk  of  common  Water. 
Befides,  as  the  Bulk  of  the  Body  is  to  be  in- 
creafed  by  diftending  the  Cheft  in  Infpiration, 
and  taking  a  good  Q^ntity  of  Air  into  it,  this 
is  a  farther  Advantage  to  the  floating  Animal. 

It  has  been  tried  by  a  fat  Man  of  ordinary  Size, 
what  Weight  he  could  bring  up  from  the  Bottom 
of  the  'Thames,  fo  as  to  have  the  Top  of  his  Head 
juft  appear  above  Water.  When  his  Breaft  was 
full  of  Air,  he  was  found  to  rife  with  thirteen 
Pounds  of  Lead,  without  ftriking  out  in  the 
leaft,  and  two  Ounces  more  would  have  kept 
him  under  :  But  when  his  Breaft  was  not  thus 
diftended,  he  could  bring  up  only  eleven  Pounds 
in  that  manner. 

It  would  be  therefore  difficult  to  conceive 
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how  People,  not  incumber’d  with  their  Clothes, 
fhould  be  fo  often  drowned  as  they  are  againft 
their  Wills ;  and,  unlefs  by  hmggling  unartful- 
ly,  and  admitting  Water  by  their  Mouths,  they 
were  fufiocated,  the  Thing  would  feem  impof" 
fible,  One  unavoidable  Difadvantage  indeed 
they  do  lie  under,  and  that  is  from  the  fudden 
Contradion  of  the  warm  Air  within  the  Body, 
on  its  firfb  Immerfion  in  cold  Water ;  to  fup- 
ply  the  Place  of  which,  they  are  apt  to  diftend 
their  Lungs  immediately,  and  are  in  a  manner 
forced  to  galp  for  Breath,  when  meeting  with  a 
Fluid  too  grofs  for  Refpiration,  they  fall  a  Sacri¬ 
fice  to  their  Fears,  for  want  of  that  Prefence  of 
Mind  which  the  Brutes,  whofe  Apprehenfions  of 
the  Danger  being  lefs,  are  evidently  Mafters  of. 
This,- like  other  Prejudices,  we  Ihould  endea¬ 
vour  to  conquer  while  we  are  young,  before 
they  are  too  deep  rooted  with  us,  and  predo¬ 
minate. 

All  Bodies  floating  on  Fluids,  may  be  juft- 
ly  compar’d  with  them  ;  and  whenever  a  &dy 
lighter  than  a  Fluid  does  float  thereon,  a  Quan¬ 
tity  of  that  Fluid,  in  Bignefs  equal  to  the  im¬ 
mers’d  Part  of  the  Body,  is  precifely  equal  in- 
Weight  to  the  abfolute  Weight  of  the  whole 
Body.  A  Man  of  War,  for  Infiance,  carry¬ 
ing  a  hundred  and  twenty  Guns,  with  all  its 
Stores,  Rigging,  and  Appointments,  weighs  not 
a  Jot  more  than  does  the  very  Quantity  of  Wa¬ 
ter  which  it  thrufis  away  and  difplaces,  and 
which  would  otherwife  have  occupied  the  Room 
of  that  very  ponderous  Machine.  This  Water 
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'feeing  of  a  certain  and  determined  Weight,  wou’d 
naturally  have  prefs’d  oh  the  imaginary  Surface 
of  the  Fluid,  juft  beneath,  with  its  proper  Gra¬ 
vity  ;  But  as  that  Part  of  the  Ship  which  is  un¬ 
der  Water,  fails  into  the  Place,  fubftituting  there¬ 
on  an  equal  Weight,  the  fame  Preflhre,  and  no 
more,  is  ftiil  fuftain’d  by  the  faid  Surface.  And 
were  it  otherwife,  the  Water,  being  fluid,  wou’d 
continue  to  move  till  the  Equilibrium  was  fully 
made ;  which  always  is  obferved  to  happen  when 
Velfeis  of  this  kind  come  to  be  laden  deeper. 

The  Motion  of  the  W’aves  in  a  Gale  of 
Wind,  whereby  an  unequal  Degree  of  Preflure 
is  accidentally  thrown  on  the  fmooth  Surface 
of  the  Sea,  alfo  evidently  fhews  us  this.  But  to 
prove  it  farther  by  Experiment;  Take  a  Stick 
of  Wood  ipecifically  lighter  than  Water,  and 
counterpoife  it  in  a  Pair  of  good  Scales  with  Wa¬ 
ter  :  Immerfe  the  Stick  in  a  full  Jar ;  Part  of 
the  Vfater  will  be  thrufl  out  thereby,  and  run 
over :  Take  out  the  Stick,  and  the  Water  in 
the  Scale  will  be  found  again  exadlly  to  reple- 
nifli  the  Jar.  Which  fiifficiently  proves,  what 
was  before  intimated;  That  a  of  a 

Fluid, ^  equal  to  the  immersd  Part  of  a  Body 
lighter  than  that  Fluid,  will  in  Weight  equal 
the  W right  of  the  whole  Body. 

He  NCE  a  tolerable  Judgment  may  be  form’d 
of  the  different  Specifick  Gravity  of  all  fuch 
Bodies  lighter  than  Water,  as  will  not  be  da¬ 
mag’d  by  Tmmerfion'  therein.  For  Inflance; 
The  Denfity  and  Weight  of  the  feveral  Sorts  of 

Wood, 
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Wood,  may  this  Way  be  compar’d,  by  putting 
Sticks  of  the  fame  Length,  equally  feafoned  or 
dry,  and  of  the  fame  Form  and  Bignefs  through¬ 
out,  or  prifmatick  from  one  End  to  the  other  ^tis 
no  nratter  whether  with  regard  to  each  other  their 
F orm  or  the  Diameters  of  their  Bafe  be  the  lame) 
in  a  narrow  Jar  of  Water,  like  that  in  Fig.  i .  PL  i . 
the  better  to  keep  them  up  on  End,  noting  how 
far,  when  gently  let  down,  they  will  fink  in  the 
faid  Fluid.  And  accordingly,  a  Piece  of  Englijh 
Oak  a  Foot  long,  will  be  found  to  fink  about 
eighty.  Beech  feventy  five,  fome  Sorts  of  Ma- 
hogeny  fixty  nine  Hundredths  of  a  Foot :  So 
that  the  Denfity  of  Oak  may  this  Way  be  found 
to  be  to  that  of  Beech,  as  8o  to  75,  or  16  to 
15  ;  and  to  that  of  Mahogeny,  as  80  to  69, 
nearly  as  8  to  7.  And  by  Confequence,  their 
feveral  Weights,  and  perhaps  their  Strength  and 
Degrees  of  Service,  might  pretty  well  be  judg’d 
of,  by  inverting  the  Terms ;  that  is  to  lay,  le- 
venty  five  Foot  of  Mahogeny  are  equivalent  to 
fixty  nine  of  Beech ;  and  eighty  of  Beech  to 
feventy  five  of  Oak.  Their  Duration  indeed, 
depending  on  their  Texture  and  particular  Con- 
llitution,  will  be  another  Confideration. 


On  the  Hydrometer,  or  Wat  e  r-* 

Poise. 

TFI  E  relative  or  fpecifick  Gravity  of  F'lulds 
to  each  other,  may  this  way  alfo  be  tole¬ 
rably  well  difeover’d,  viz.  by  the  Immerfion 
of  an  Inftrument  called  the  Hydrometer,  or 

Water- 


Natural  Artificial,  123 

Wateivpoile,  in  them  one  after  another.  This 
Machine  is  ufually  made  of  Glals,  Ivory,  or 
fome  Subftance  not  very  porous,  or  apt  to  im¬ 
bibe  much  Liquor.  It  confifts  of  a  Bole  of  any 
reafonable  Size,  but  the  larger  the  better,  as  A. 
Fig,  2.  Plate  j.  and  a  long  fmall  Stem,  as  B. 
The  Bole  is  commonly  loaded  with  a  little  Small- 
(hot  or  Mercury,  to  caufe  it  to  fwim  upright ; 
and  its  Weight  is  generally  adapted  to  the  Li¬ 
quors  ’tis  intended  to  prove.  The  Neck  is 
mark’d  with  equal  Divifions,  commonly  put  oa 
the  Out-fidc.  The  large  Part  or  Bole  of  this 
Machine  is  fuppos’d  to  be  compar’d  with  an  e- 
qual  Quantity  of  the  Fluid  in  which  ’tis  im¬ 
mers’d.  The  Stem,  as  ’tis  fmall,  happening  to 
be  more  or  lefs  immers’d,  makes  no  great  Dif¬ 
ference.  The  heavier  the  Liquor,  the  more 
boyant  it  is  found  to  this  Machine  j  and  the 
lighter,  the  lefs  will  it  be  fupported  therein.  In 
Vinegar  or  Pickle,  for  Inflance,  ’twill  not  fink 
near  fo  deep  as  in  Spring- water :  This  again, 
having  more  Salts  in  it  than  Pond  or  River  Wa¬ 
ter,  wherein  they  have  had  more  Time  to  fub- 
lide  (which  they  conftantly  do,  forming  thence 
Slime  or  Mud’  fit  for  manuring  of  Land)  will 
bear  it  up  better  -than  they.  In  Wine  this  In- 
ftrument  will  be  lefs  fupported ;  and  in  fpiri- 
tuous  Liquors,  made  more  light  or  fubtiliz’d  by 
Diflillation,  it  will  fink  more  or  lefs  according 
to  their  Quality  or  Degrees  of  Strength. 

The  lighted:  Waters  are  the  mod  wholefome, 
tho’  they  are  perhaps '  generally  lefs  palateable 
than  thofe  that  are  heavier.  Water  that  has  been 

fil- 
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filtrated  thro’  a  thick  Flannel,  or  percolated 
thro’  the  Pores  of  a  loofe  and  fandy  Stone,  will 
be  very  light,  clear  and  good.  But  Water  di- 
fiill’d,  tho’  it  may  be  very  light,  yet  wanting  a 
due  Mixture  of  Salts,  will  be  both  infipid  and  un- 
wholefomc.  Sir  Isaac  Newton’s  Definition 
of  Water  is,  That  it  is  a  fluid  Salty  wlatiky 
and  void  ofl  all  Savour  or  Tafle^ 

Such  Wines  as  have  a  natural  Sugar  in  them, 
and  are  therefore  more  vifcid  and  ponderous, 
as  Canaries,  and  what  are  ufually  call’d  the 
rich  Wines,  ought  not  to  be  taken  too  liberally  t 
They  are  too  nutritive  alone,  and  ought  to  be 
well  diluted  with  Water  j  and  fuch  will  always  be 
found  very  buoyant  to  the  Water-poife.  The 
lighteft  Wines,  that  is,  the  lighted;  in  the  Ba¬ 
lance,  are  generally  the  moft  fpirituous,  there¬ 
fore  worfe  to  digefi:  or  be  overcome  by  the  Vis 
Vita  of  Animals.  Witnefs  Champaign,  Toc- 
kay,  ^c.  which  of  themfelves  are  too  ftrong 
and  noxious,  if  drunk  alone  in  great  Qi^nti- 
ties  j  but  if  mix’d  with  Water,  in  the  antient 
Way,  fo  making  a  fpecifically  heavier  Fluid, 
are  fafej  being  brought  down  thereby  to  the 
Condition  of  weaker  Wines. 

And  for  the  fame  Reafbn,  Diftill’d  Liquors, 
having  too  great  a  Degree  of  intenfe  Heat  in 
them,  can  never  be  fit  for  common  Drinking 
alone.  Thefe  Things  being  mixed  with  the 
Blood,  and  other  animal  Juices,  are  rather  apt 
to  thicken  than  render  or  keep  them  fluid.  The 
publick  Difcouraging  the  late  common  Excefles 
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of  this  Sort,  will  therefore  doubtlefs  be  attended 
with  very  happy  Confequences,  and  particular¬ 
ly  with  regard  to  the  Health  of  thofe  who  lhall 
be  thereby  reclaimed. 

As  to  Punch:  The  Mixture  of  the  Acid  and 
Sugar  diffolved  in  Water,  may  poffibly  have  been 
taken  at  firft  from  the  diluted  Oxymel  of  the  an- 
tient  Greeks,  or  more  probably  from  the  Sher¬ 
bet  now  in  ufe  among  many  of  the  AJiaticks ; 
and  the  Brandy,  Rum,  Arrack,  &c.  are  added 
to  give  it  a  vinous  Strength,  agreeable  to  the 
TaRe  and  Appetite,  or  perhaps  the  Wants,  of 
our  northern  Climate.  In  this  Mixture  the 
Fluency  of  the  Spirit  is  pretty  well  correfted  by 
the  Vifcidity  of  the  Sugar,  its  Levity  by  the 
Gravity  of  the  Acid,  and  the  poignant  Strength 
of  all  thefe  Ingredients  being  lower’d  by  a  fuf- 
ficient  Q^ntity  of  Water,  it  becomes  an  artifi¬ 
cial  Wine,  both  wholefome  and  pleafant;  and 
’tis  therefore  a  favourite  Liquor  with  the  Eng- 
lijh. 

The  fpecifick  Gravities  of  Red-wine  and 
Water  will  appear  to  be  different,  if  a  fmall 
glafs  Bolt-head,  as  A,  Fig.  3.  Plate  7,  full  of 
common  Water,  be  inverted  into  a  Glafs  of 
Claret,  B.  The  Water  being  heavier,  will  vi- 
fibly  defcend,  and  take  Place  at  Bottom  of  the 
Glafs ;  and  the  V/ine  being;  more  lisht,  will 

00^ 

rife  through  the  Body  of  Water  by  degrees,  for 
juft  the  fame  Reafon  as  Smoke  does  in  ferene 
Air,  and  take  its  Place  at  the  Top  of  the  Bolt- 
head,  till  at  length  all  tlie  Wine  ftiall  have 

taken 
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taken  PolTeffion  of  that  Machine,  and  all  the 
Water  of  the  other  j  as  from  their  different  Gra¬ 
vities  they  are  inclined  to  do. 

I T  is  a  common  Experirnent,  to  pour  Red- 
wine  upon  a  Qimntity  of  Water  in  a  Glafs  with 
a  fteady  Hand ;  putting  a  Bit  of  thin  Bread  or 
Paper  firff  afloat  in  the  Water,  to  eafe  the  Fall 
of  the  Wine  into  the  heavier  Fluid,  that  the 
Section,  where  the  two  Liquors  part  unmix’d, 
may  be  better  oblerved.  Then  with  a  Pipe  either 
the  one  or  the  other  of  them  may  indiflerently 
be  drawn  off  firfl. 

W  HEN  Water  and  this  colour’d  Wine  ho'vv- 
ever  are  heedlefly  jumbled  together,  and  have 
their  Parts  intangled  as  it  were  one  among  an¬ 
other  with  a  Shock,  they  then  cannot  fo  eafily 
be  feparated  again,  their  Tenacity  in  great  mea- 
fure  preventing  it ;  they  therefore  remain  thence¬ 
forward  incorporated  together,  and  as  it  were 
one  homogeneous  Fluid.  However,  as  the  Wine 
and  Water  thus  mixed,  make  a  Body  ftill  lighter 
than  Water  alone,  if  the  Bolt-head  abovenam’d, 
full  of  common  Water,  be  again  inverted  into 
this  Mixture,  it  will  appear  to  rife  therein  ai 
the  Wine  did  at  firff,  but  not  fo  briskly. 
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Hm  Pr  iNCiPLES  on  which  the  H y-* 
DROSTATICAL  BaLANCE  a&S^ 

demonfirated. 


HAV  I  N  G  before  prov’d,  That  the  whole 
Weight  of  a  Body  :^ecifically  lighter 
than  Water,  is  equal  to  the  Weight  of  a  Q^ntity 
of  Water  the  fame  in  Bulk  to  the  immers’d  Part 
of  that  Body ;  it  comes  next  to  be  confider’d, 
^hat  all  Bodies  fpecijically  heavier  thait  Water , 
iofe  as  much  of  their  abfdute  Weight,  in  JVater, 
as  a  ^lantity  of  Water  in  Bulk  equal  to  them- 
[elves  jOoall  weigh. 

T  o  prove  this  Propofition  experimentally  ; 
Take  a  Cylinder  of  folid  Lead,  exactly  fitted 
to,  and  filling  a  hollow  Cylinder  of  Brafs ;  fuf- 
pend  the  Lead  at  one  Arm  of  a  Balance ;  coun- 
terpoife  it  with  Weights  at  the  other,  of  which 
let  the  hollow  Cylinder,  fill’d  with  Water,  be 
a  Part.  Immerfe  the  Lead,  fufpended  as  it  is, 
in  a  Jar  of  Water  held  in  the  Hand,  not  fuf- 
fering  it  to  touch  either  the  Bottom  or  the 
Sides,  and  Weight  will  foon  appear  to  be  loft ; 
which,  on  emptying  the  hollow  Cylinder  on 
the  other  Side  of  its  Water,  vrill  appear  to  be 
immediately  reftored. 


As  a  farther  Evidence  of  this,  lei  the  folid 
Cylinder  be  fufpended  as  before.  Put  the  hol¬ 
low  one  in  the  Scale  on  the  fame  Side,  void  of 
Water,  and  counterpoife  them  juflly.  Immerfe 

the 
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the  Lead  in  a  Jar  of  Water,  as  before,  and  the 
Weight  loft  thereby,  on  filling  the  hollow  Cy¬ 
linder  beforefaid  with  Water,  will  be  replac’d. 

Again}  T^he  Weight  hjl  by  any  Body,  on 
Immerjion,  will  always  be  communicated  to  the 
Fluid  wherein  dispute  To  prove  which,  weigh 
a  Jar  of  Water,  and  let  the  hollow  Cylinder 
beforementioned  be  a  Part  of  the  Counter-poife. 
Let  then  the  Lead,  held  by  a  String,  be  fo  im- 
merfed  that  it  may  neither  touch  the  Bottom 
or  Sides  of  the  Jar }  and  the  Increafe  of  Weight 
found,  will  be  again  exaftly  counterpoifed  by 
filling  the  hollow  Cylinder  in  the  oppofite  Scale 
with  Water. 

N  o  w  to  account  rationally  for  the  Lofs  of 
Weight  on  the  Immerfion  of  the  fufpended 
Lead,  it  muft  be  confidered.  That  the  Solid  will 
then  take  up  a  Space  in  the  Fluid,  which  would 
otherwife  have  been  fill’d  by  a  Portion  of  Water 
in  Magnitude  equal  thereto  }  which  Fluid  would 
alfo  have  been  every  way  bouyed  up,  and  fuf- 
tain’d  in  its  proper  Place,  by  the  Parts  of  the 
Fluid  adjacent }  the  Efforts  whereof,  upon  put¬ 
ting  in  the  Lead,  are  then  transfer’d  to  and  adt 
againft  the  Sides  of  the  folid  Matter,  thus  fub- 
ftituted,  in  order  to  fupport  that. 

And  with  regard  to  the  additional  Weight, 
or  that  acquired  by  the  Fluid  in  which  the 
Lead  is  immers’d,  it  muft  be  obferved.  That 
on  fuch  Immerfion,  the  Water  is  made  to 
rife  in  the  Jar  in  a  juft  Proportion  to  the  Bulk 
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of  the  Body  immers’d,  which  then  being  fub- 
ftituted  in  the  Place  of  fo  much  Water,  may 
well  be  confidered  as  a  like  Bulk  of  Water 
added ;  and  therefore  muft  be  expedted  to  prels 
the  Scale  as  much  as  an  equal  Q^ntity  of 
Water  added  would  have  done. 

I T  is  certain  then,  that  Bodies  fpecifically 
heavier  than  Water,  when  immerled  therein, 
lofe  of  their  abfolute  Weight  in  Air,  what  an 
equal  Quantity  of  Water  in  the  Air  wou’d 
abfolutely  weigh  :  And  by  confequence  it  is 
equally  certain.  That  the  Difference  of  tfoe  Weight 
of  any  jfuch  Body,  taken  firft  in  Air,  and  after- 
■wards  in  W ater,  will  always  be  the  juft  Weight 
pf  a  ^antity  of  Water,  equal  in  Bulk  and  Di- 
menfions  to  thofe  of  the  Body  under  Conjidera- 
tion ;  which  being  the  Principle  whereon  the 
Experiments  on  the  Hydrollatical  Balance 
chiefly  depend,  requires  a  very  particular  Re¬ 
gard. 

This  famous  Eropofition  was  firlb  found 
by  Archimedes  on  the  following  Occaflon. 
Hie  ro,  King  o£ Sicily,  ordered  the  Workman  a 
certain  Quantity  ot  Cjold^  to  make  him  a  Crown. 
It  was  indeed  well  deligned  and  finely  embel- 
lilhed  j  but  die  Aitifl  it  leems  had  made  free 
with  fome  of  his  Majefiy’s  Gold,  and  had  fub- 
llituted  in  its  Room  an  equal  Quantity  of  Sil¬ 
ver.  ^  On  Delivery  of  the  Work,  there  was  a 
Su^icion  of  IVlal-pradtice ;  the  Crown  was 
ordered  to  be  furvey’d,  and  the  Thing  refer’d  to 

K  Ar- 
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Archimedes,  as  a  proper  Judge  of  the  Cafe,' 
with  Inftru<3:ions  however  by  no  means  to  de¬ 
face  the  Workmanfliip.  It  lay  long  before  the 
laid  Referee,  and  the  Maker  thought  himfelf 
pretty  fecure  of  his  Perquilite.  It  happened 
however  one  Day,  as  the  Philofopher  was  ftep- 
ping  into  a  Bath,  that  he  took  Notice  the  Wa¬ 
ter  rofe  in  the  Bath  in  Proportion  to  the  Part 
of  his  Body  immerfed.  From  this  Accident 
he  received  a  Hint,  wherewith  he  was  fo  tranf- 
ported,  that  he  jumped  out  of  the  Bath,  and 
ran  naked  about  the  Streets  of  Syracufcy  crying 
in  a  wild  Manner,  I  have  found  it  /  I  have 
found  it ! 

I N  confequence  of  this  Speculation,  he  made 
two  Maffes,  of  the  juft  Weight  of  the  Crown  j 
one  of  Gold,  the  other  of  Silver.  Thefe  he  fe- 
verally  let  down  carefully  into  a  Veflel  of  Wa¬ 
ter,  wherein  the  Rife  of  the  Fluid  might  eafily 
be  determined  by  Meafure.  Being  of  different 
fpecifick  Gravities,  they  were  confequently  of 
different  Magnitudes,  and  on  Immerfion  took 
up  the  Room  of  different  Quantities  of  Water  j 
by  comparing  whereof  with  their  abfolute 
Gravities,  in  the  Air,  he  became  Mafter  of  the 
Relation,  in  Point  of  Weight,  each  of  thefe 
Metals  had  to  Water,  and  confequently  to 
each  other.  He  then  ferved  the  Crown  in  like 
Manner,  and  by  comparing  his  Obfervations, 
he  at  length  detefted  the  Cheat,  and  fairly  af- 
figned  the  Quantities  of  Gold  and  Silver  con¬ 
tained  in  the  Crown  refpedively. 
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On  the  XJfe  of  the  H  YDROSTATICAL 

Balance. 

TH  E  Hydroftatick  Balance,  in  order  to 
find  the  fpecifick  Gravity  of  Fluids,  or 
how  they  differ  from  each  other  in  Point  of 
Denfity,  has  commonly  a  Lump  of  folid  Glafs, 
fhaped  like  a  Heart,  a  kind  of  Wedge,  the 
more  eafily  to  cleave  and  feparate  the  Parts  of 
thofe  Fluids  in  which  it  fhall  be  occafionally 
immerfed.  Now  this  being  made  of  Matter 
not  liable  to  be  injured  by  any  Liquor,  and  of 
Weight  fufficient  to  fink  in  mofi:,  is  convenient 
for  the  purpofe,  and  is  reprefented  as  in  Ufe  by 
Fig.  4,  Plate  7.  This  Machine  has  a  fix¬ 
ed  Counterpoife  for  the  other  End  of  the 
Beam,  as  B,  which,  when  the  Glafs  is 
oois’d  in  rain  or  river  Water,  will  keep  the 
.  3alance-beam  jufi:  level,  whether  it  be  put  at 
the  Top,  the  Middle,  or  at  the  Bottom  of 
the  Jar. 

Now  all  fuch  Liquors  as  are  fpecifically  hea¬ 
vier,  that  is,  more  buoyant  than  common  Wa¬ 
ter,  will  require  Weight  to  be  added  on  the 
Side  of  the  immerfed  Glafs,  to  reftore  the  Equi¬ 
librium  :  x4nd  fuch  as  are  lefs  fo,  or  lighter  than 
common  Water,  will  require  Weight  to  be  ad¬ 
ded  to  the  Counterpoife,  to  bring  the  Beam, 
which  ought  to  be  Angularly  good  and  U'ue. 
to  a  horizontal  Pofition. 

K  2  IH 
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I N  comparing  of  two  Liquors,  in  order  ta 
find  fimply  whether  of  them  is  the  heavier,  ’tis 
of  no  great  Concern  to  know  what  the  Bulk 
or  folid  Content  of  our  Efiay-bubble  A.  is  : 
Becaufe  the  Grains  on  either  Side  added,  to 
bring  the  Beam  again  to  a  Level,  will  fuffici- 
eiltly  determine  how  much  a  Quantity  of  them, 
equal  to  the  Bulk  of  the  Bubble,  differs  from 
rain  or  river  Water,  to  which  the  Machine  is 
commonly  adjufted  j  which  is  fomething  more 
of  Satisfaftion  than  from  the  Hydrometer  can 
be  had.  But  how  much  the  Denfity  of  the  one 
exceeds  that  of  the  other,  or  generally  in  what 
Proportion,  cannot  be  known  till  the  Weight 
of  our  glafs  Machine,  both  in  Air  and  Water, 
and  confequently  the  Weight  of  a  Quantity  of 
the  Fluid  under  Confideration,  in  Bulk  equal 
thereto,  with  which  it  is  generally  compar’d, 
be  firft  adjufted  and  found, 

I T  may  here  be  remarked,  that  the  Beanl 
of  the  hydroftatical  Balance  can’t  be  well  too 
light,  if  it  be  but  equal  to  its  Office,  without 
yielding  or  fpringing.  The  Way  to  prove 
whether  it  be  true  or  not,  is,  when  you  have 
found  any  exadl  Equilibrium  by  it,  to  change 
both  Weight  and  Scales  together,  end  for  endj 
and  then,  if  no  Alteration  appears,  ’tis  perfectly 
well  executed ;  otherwife  not. 

A  fquare  Piece  of  Paper,  weighing  but  one 
Grain,  may  without  Difficulty  be  divided  by 
'  Mea-' 
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Meafure  into  two  and  thirty  Parts  of  a  Grain  j 
and  if  you  delire  your  Beam  lliould  be  alfedt- 
ed  by  the  Weight  of  a  few  of  thefe,  the  reft 
of  your  Apparatus  muft  be  very  light  alfo  5 
left  the  Weight  laid  on  the  Point  of  Support, 
fhould  make  it  too  lluggilh  to  move  fo  free  and 
finely  as  it  properly  ought  to  do. 

Suppose  then  the  Weight  of  our  Eftay- 
bubble  when  taken  in  the  Water,  is  one 
hundred  and  eighty  two,  and  in  the  Air  two 
hundred  and  fix  Grains ;  the  Difference,  or 
twenty  four  Qrains,  is  the  juft  Weight  of  a 
Qiwntity  of  Water  equal  in  Bulk  and  Dimen- 
fions  thereto :  Which  being  known,  may  be  re¬ 
ceived  as  a  general  Standard  whereby  to  eftimate 
the  Ipecifick  Gravity  of  Liquors  by  this  Machine, 
For  Example  j  warm  a  Jar  of  Water  pretty 
well,  it  will  be  thereby  rarified,  and  rendered 
Ipecifically  more  light,  and  of  confequence  the 
Bubble,  before  adjufted  to  that  Liquor  cold, 
will  on  immerfing  fink  therein.  And  by  ad¬ 
ding  Weight  on  the  other  Side,  we  may  eafily 
learn  how  much  ’tis  thereby  become  fpecifical- 
ly  lighter  than  a  like  Quantity  of  Water  cold ; 
wz.  merely  by  dedudting  tlie  Weight  found 
on  Experiment  neceffary  to  reftore  the  Equi¬ 
librium,  let  us  fuppofe  three  Grains  from  twen¬ 
ty  four  5  fo  that  the  fpecifick  Gravity  of  the  cold 
Water  will  be  found  to  be  to  that  of  the  hot^ 
24  to  21,  or  8  to  7. 
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For  Experiment’s  fake,  a  fecond  Trial  may 
be  made  the  fame  Way,  on  a  Fluid  denfer 
than  common  Water ;  as  fuppofe  flrong  Ath- 
lees,  replete  with  a  lixivial  Salt,  in  which 
Cafe  we  are  to  avdd  the  Difierence  found  on 
Immerfon  of  tlie  Effay-bubble,  fuppofe  four 
Grains  to  twenty  four;  the  fpecifick  Gravity 
hereof  will  then  be  fignified  by  the  Number 
28,  and  an  equal  Qi^ntity  of  Lees  will  be 
to  common  cold  Water,  as  28  to  24,  or  7  to 
6  ;  and  to  an  equal  Q^ntity  of  the  Water  be¬ 
fore  warmed,  as  28  to  21,  or  4  to  3  ;  and 
thus  of  any  other. 


The  fpecifick  Weight  of  equal  Quantities  of 
different  Liquors  might  indeed  be  alfo  found,  by 
filling  a  fmall  Phial,  of  known  Dimenfions  and 
Capacity,  with  them  fucceffively ;  which  ought 
to  be  firft  exadtly  tared  or  counterpoifed  on  the 
oppofite  Side.  Their  feveral  Weights  then  tak¬ 
en  by  a  nice  Pair  of  Scales,  and  noted  down, 
may  afterwards  be  compared  together  tolerably 
well. 


I N  like  manner  might  alfo  the  fpecifick  Gra¬ 
vities  of  folid  Bodies  heavier  than  Water  be 
found,  was  it  practicable  to  reduce  them  by 
any  Means  to  fome  certain  or  determinate  Di¬ 
menfions,  as  to  the  Size  of  a  cubick  Inch,  or 
the  like:  But  that  being  not  only  laborious, 
and  expenfive,  and  tedious,  but  alfo  very  in¬ 
convenient  and  much  lefs  exaCt ;  the  Beauty  of 

the 
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the  hydroftatick  Balance  will  therefore  appear 
in  affigning  their  comparative  Gravities,  be 
their  Figures  never  fo  various  or  irregular,  with 
very  great  Truth,  Eafe,  and  Expedition. 

For  the  weighing  of  Solids  fpecifically  hea¬ 
vier,  or  which  link  in  Water,  hydrollaticaily, 
this  Inllrument  is  provided  with  a  fmall  glafs 
Bucket,  marked  C,  Fig.  4.  Plate  7.  which  in 
the  Air  is  exadtly  counterpoifed  by  B ;  and  in 
Water,  by  adding  the  fmall  Weight  D  on  the 
Bucket-lide  at  E,  to  counterbalance  the  Buoy¬ 
ancy  of  the  Water  on  the  Bucket  immers’d. 
By  this  Machine  F ragments  of  fuch  Bodies  may 
be  weighed  indifferently  either  in  Water  or  the 
Air  j  both  which,  in  thefe  Experiments,  are  al¬ 
ways  carefully  to  be  did  indtly  done  j  noting  their 
feveral  Weights. 

The  Difference  of  their  Weights  thus  taken 
in  Air  and  Water,  as  has  been  laid,  will  be  pre- 
cifely  that  of  a  comparative  Bulk  of  Water  e- 
qual  to  the  Magnitude  of  the  Bodies  immers’d. 
Forlnllance;  a  Solid,  which  in  the  Air  weighs 
an  Ounce,  may  counterpoife  perhaps  only  three 
hundred  and  twenty  Grains  in  Water  j  the  Dif¬ 
ference  of  which,  or  one  hundred  and  lixty 
Grains,  has  already  been  proved,  Page  12q.  to 
be  the  Weight  of  a  Quantity  of  Water  equal 
to  the  Body  under  Confideration  in  Bulk. 

To  find  then  the  relative  Weight,  or  the 
Proportion  that  fuch  a  Body  bears  to  Water, 
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the  Rule  is :  To  fee  how  often  the  Weight  of 
an  equal  Quantity  of  Water,  difcovered  as  a- 
bove,  may  be  found  in  the  abfolute  Weight  of 
the  fame  Body,  taken  in  the  Air;  which  in 
the  laR  Example  will  turn  out  as  3  to  i . 

And  again:  To  compare  two  folid  Bodies’ 
of  different  fpecifick  Gravities  hydroftatically, 
as  fuppofe  Flint-glafs  and  Magnet;  take  Frag¬ 
ments  thereof,  no  matter  how  various  in  Weight, 
or  how  different  in  Form.  In  the  Bucket  C 
weigh  them  feverally,  firft  in  Air,  then  in  Wa¬ 
ter.  But  previous  to  the  latter.  Care  mufl  be 
taken  to  wet  both  the  Bodies  and  the  Bucket 
very  well,  that  the  Air,  which  is  apt  to  adhere 
to  Solids,  and  efpecially  to  lodge  and  be  retained 
in  their  Pores,  may  be  firft  extricated  thence  ; 
or  the  Bodies  will  be  thereby  more  buoyed  up 
than  they  ought,  and  the  Experiment  there¬ 
fore  imperfectly  made. 

An  d  again ;  if  thro’  the  different  Denfity  of 
Waters,  either  from  Cold  or  otherwife,  our 
Bucket  fliou’d  at  any  Time  happen  to  be  a 
fmall  matter  either  too  ponderous  or  too  light, 
this  fhould  alfo  be  brought  to  Truth  and  ad- 
jufted  before  the  Operation  ;  cither  by  adding 
Weight  to  the  lighter  Side,  not  to  be  brought 
into  the  fuccecding  Calculation,  or  by  adding 
fomething  fpirituous,  if  the  Fluid  be  too  denfe, 
or  a  little  Salt,  if  it  prove  too  rare,  till  the  Ba¬ 
lance  is  well  fettled  and  brought  to  its  firft  Ad- 
juftment.  In  Water  then  the  beforefaid  Fragr- 

ment 
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ment  of  Glafs  will  perhaps  fetch  up  but  an 
hundred  and  twenty  Grains,  and  the  Magnet 
but  feventy  nine;  thefe  taken  from  what  they 
weighed  in  Air,  an  hundred  and  leventy  one 
Grains,  and  an  hundred  and  two,  will  leave, 
for  Example,  fifty  one  and  twenty  three,  the 
relpedlive  Weights  of  their  comparative  Bulks 
of  Water :  It  thence  appears,  that  Glafs  is  to  Wa¬ 
ter,  as  17 1  to  51,  or  as  35!  to  i ;  and  Magnet  as 
1 02  to  23,  or  as  4  if  to  i ;  and  by  Redudtion  of 
the  Fradlions  equivalent,  ’uiz.  and  -tt  by 
crofs  Multiplication,  it  will  be  found,  that  of  con- 
fequence  Glals  is  to  Magnet  Ipecifically,  in  whole 
Nuinbers,as  3933  to  5202,  or  nearly  as  10  to 
13  ;  in  a  reciprocal  Proportion. 

N.  B.  T’hs  'Truth  of  theje  EJfays  'will  ap¬ 
pear,  by  trying  the  Experiment  on  two  or 
more  dtjiina  Pieces  of  the  felf-fame  Metal, 
cr  Matter,  which  however  different  in  Mag¬ 
nitude,  will  be  found  neverthelefs  to  be  of 
the  fame fpecifick  W nght,  by  the  Method  now 
pnopofed,  if  accurately  performed. 

And  in  this  Manner  are  to  be  treated  all  o- 
ther  Subjeds  that  will  fink  in  Water,  and  not 
be  damaged  by  the  Experiment,  whereby  their 
Goodnefs  may  in  great  meafure  be  often  known  : 
Such  as  Metals  of  all  kinds ;  and  Foffils,  as 
Ores,  Stones,  Gems  and  Things  of  like  Sort. 
This  Method  is  of  fingular  Service  in  difeo- 
vering  the  Difference  between  Bodies  of  th@ 
&me  Denomination  and  Kind ;  for  the  Ipecifick 
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Gravity  of  fuch  as  excel  being  known,  tlioic 
inferior  in  Weight  may  be  prefumed  to  be  infe¬ 
rior  in  Value  and  Goodnefs :  At  leaft,  counter¬ 
feit  Money  may  by  this  Method  always  be  cer¬ 
tainly  known  from  true. 

The  Africans  are  faid  to  be  fo  dextrous  at 
this  kind  of  Cheat,  and  gild  fo  artfully,  that 
their  bad  Money  will  abide  the  Touch,  and 
their  Gilding  even  follow  the  Shears,  if  the 
Piece  be  cut  through.  But  tho’  the  Money 
of  a  bafer  Metal  may  very  much  referable  Gold, 

'  bear  the  Touch-ftone,  and  even  weigh  as  much 
in  the  Air;  yet  will  it  never  abide  the  Teft  of 
the  hydroftatick  Balance:  For,  as  it  mull  ne- 
ceflarily  be  made  of  bafer  Metal,  or  Matter  lefs 
compadt  and  more  porous,  it  will  always  be 
more  buoyed  up  in  Water  than  genuine  Gold 
in  the  like  Circumftances  would  be. 

By  the  lame  Method  alfo,  more  exadtly 
than  by  Meafurement  or  any  other  Way,  may 
be  found  the  Cubic  Content  of  any  Solid,  be 
it  in  Figure  never  fo  oblique  or  irregular.  For, 
lince  two  hundred  and  fifty  three  Grains  are 
found  experimentally  to  be  the  Weight  of  a 
cubic  Inch  of  Water  ;  if  a  Groce  of  Pipes, 
for  Inftance,  were  propofed  as  the  Subjed  to 
be  meafured,  and  thefe  fliould  weigh,  fuppofe 
tv/clve  Ounces  Troy,  lefs  in  Water  than  ii> 
the  Air,  the  Analogy  will  then  be : 
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Ai  1^1  Grains  of  Watery 

Are  to  I  Cubick  Inch  : 

So  are  5760  Grains,  the  W nght  of  a  Piece 
of  Water  afqiiate  to  the  Bulk  of  the  Body  un¬ 
der  Conftderation, 

Po  the  Cubick  Inches  it  contains,  or  23  nearly 
of  burnt  Clay, 

Mr.  Ward,  in  his  Young  Mathematician s 
Guide,  gives  the  following  Table  of  the  fpeci- 
fick  Gravities ;  which  being  fufficient  for  com¬ 
mon  Pradtice,  will  here  be  not  improperly  in¬ 
ferred  ;  By  Help  whereof  the  Magnitude  or 
folid  Content  of  any  Thing  fpecified  therein,  be 
it  in  Shape  never  fo  uncouth,  may  be  found  by 
the  following  Proportion,  from  its  abfolute 
Weight  in  Air  only,  viz. 

As  the  tabular  Number, 

Is  to  one  Cubical  Inch : 

So  IS  the  abfolute  JPeightof  a  Piece  (f  wrought 
Plate,  fuppofe, 

Ip  the  folid  Inches  contained  therein. 
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»~rii  T" 

1  be  1 

'ABLE. 

rhe  Cubick 

1  Ounces 

Ounces 

Inch  of 

Troy. 

Avoird. 

Fine  Gold  -  - 

10,3592 

■  y  ■■■  1  1,  ■ 

11,3656 

Standard  ditto  - 

9,9626 

10,9304 

Qmckfilver  -  - 

7>3844 

8,1017 

Lead  -  -  - 

5,9840 

6,5539 

Fine  Silver  -  - 

5,8500 

6,4183 

Standard  ditto  ~ 

5^55^7 

6,0965 

Rofe  Copper  - 

4,747 1 

5,2083 

Plate  Brafs  -  - 

4,4042 

4,8321 

Caft  Brafs  -  - 

4,2724 

4,6303 

Steel  -  -  - 

4,1421 

4,5445 

Common  Iron  - 

4,0313 

4>4^3^ 

Block  Tin  -  - 

3,^615 

4,2366 

Fine  Marble  - 

1,4294 

1,5688 

Common  Glafs 

1,3608 

1,4930 

Alabafter  -  - 

0,9884 

1,0844 

Dry  Ivory  - 

0,9621 

1,0555 

Dry  Box  -  - 

0,5432 

0,5960 

Sea  Water  -  - 

0,5427 

0,5949 

Common  Water 

0,5274 

0,5787 

Red  Wine  -  - 

0^5237 

0,5746 

Proof  Spirits 

0,4892 

0,5368 

Dry  Oak  -  - 

0,4890 

0,5365 

Linfeed  Oil  -  - 

0,4916 

0,5393 

Oil-Olive  -  “ 

0,4815 

0,5283 

Hence 


/ 
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Hence  we  may  obferve,  that  Standard,  or 
Guinea-gold,  is  as  9962  ;  Standard  Silver^  as 
5556  ;  Caft  Brafs,  as  4272  ;  and  Lead,  as  5984, 
to  common  Water,  which  is  about  five  hundred 
and  twenty  feven  of  thofe  Parts :  So  that  being 
weighed  therein.  Gold  Ihould  lofe  about  a  nine¬ 
teenth,  Silver  little  more  than  a  tenth,  Brals 
about  an  eighth,  and  Lead  an  eleventh  of  its 
Weight  in  Air.  And  if  an  hundred  and 
twenty  nine  Grains  of  each  of  thefe,  the 
Weight  of  an  unworn  Guinea,  be  feverally 
weighed  in  Water,  the  Gold  will,  on  Experi¬ 
ment,  turn  out  an  hundred  and  twenty  two 
Grains ;  the  Silver  about  an  hundred  and  fifteen 
Grains ;  the  Brafs,  which  takes  up  more  than 
twice  the  Bulk  of  Gold,  an  hundred  and  thir¬ 
teen  Grains}  and  the  Lead  about  an  hundred 
and  leventeen  Grains :  And  if  on  the  Effay  they 
do  not  fo,  they  are  either  naught,  or  more 
hammer’d,  and  therefore  clofer  and  more  folid 
than  ufual. 

\ 

Had  Capt.  Dampier  known  this  Method 
of  determining  the  genuine  Value  of  Metals, 
he  had  perhaps  ventur’d  to  trafiick  with  the- 
Indians  at  the  Bajhee  Ifland,  for  fome  of  their 
yellow  Rings}  which  he  Ikys  in  his  Voyages, 
he  had  no  great  Encouragement  to  do,  not 
being  able  to  determine  wdiether  they  were 
Gold  or  not. 


Such 
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Such  Bodies  as  will  dilTolve,  or  be  damaged 
ill  Water,  may  be  weighed  in  Oil  of  Turpen¬ 
tine,  in  which  no  Salts,  Vitriols,  or  acid  Subli¬ 
mates,  will  melt,  proceeding  as  with  Water; 
conlidering  only,  that  two  hundred  and  twenty 
one  Grains  are  a  folid  Inch  of  this  Fluid. 

T o  conclude  this  Subject :  The  Equilibrium 
of  Bodies  in  the  grofs  Air,  if  they  be  very  dif¬ 
ferent  in  Magnitude  or  Dimenfions,  will  not 
continue  in  Vacuo  ;  becaufe  when  two  Bodies 
compared  are  unequal  in  Bulk,  the  greater  pro¬ 
truding  more  Air  from  its  Place,  will  be  more 
buoyed  up  thereby  than  the  other ;  and  when 
this  Support  comes  to  be  withdrawn  from  both, 
the  bigger  muft  of  courfe  preponderate. 

There  are  therefore  fitting  Seafons  when 
Gold  or  Jewels  may,  flridtly  fpeaking,  be  bought 
or  fold  to  moft  Advantage.  If  Gold  be  weighed 
againfi;  Lead;  that,  as  has  been  faid,  takes  up 
but  half  the  Room  of  this ;  if  againfi  Brafs, 
which  is  lighter,  and  flill  more  bulky  for  its 
Weight,  the  Gold  will  of  confequence  be  lefs 
buoyed  up  by  the  ambient  Fluid,  than  the 
Weights  wherewith  it  is  compared.  And,  from 
the  exadleft  Equilibrium  of  this  Sort  that  might 
be  made,  was  the  Air  withdrawn,  the  Weights 
would  certainly  preponderate. 

N  o  w,  by  the  Alterations  on  the  Barometer, 
we  know  the  Air  is  capable  of  being  on  Occa- 

fions 
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fions  about  a  tenth  heavier  at  one  Time  than 
another.  Whenever  it  is  moil  denfe,  it  will 
of  courfe  be  the  moft  buoyant ;  and  the  con¬ 
trary  when  it  is  more  rare.  If  the  things  com¬ 
pared  be  Ipecifically  of  the  fame  Weight,  they 
will  be  no  doubt  equally  alfedted  by  any  Alter¬ 
ation  therein  j  when  they  are  otherwife,  a  Dif¬ 
ference  will  appear.  If  it  be  in  your  Choice 
therefore  when  to  buy  Gold,  do  it  always  when 
the  Air  is  lighteft,  .or  in  foul  Weather  j  and  if 
you  can  chufe  when  to  part  with  it,  let  it  be  in 
feir  Weather,  when  the  Air  is  the  moft  buoyant, 
and  has  the  greateft  Weight. 

But  for  Jewels  take  the  contrary  Method  5 
they  being  nearly  of  the  fame  fpecifick  Weight 
with  Chryftal,  are  to  the  Brafs^  againft  which 
they  are  ufually  weighed,  about  as  i  to  3.  It 
will  be  therefore  beft  to  purchafe  them,  and 
indeed  all  other  light  Commodities,  when  the 
Air  is  moft  buoyant,  and  to  fell  them  when  it 
is  leaft  fo. 

And  for  a  like  Reafon,  the  Dealer’s  Weights 
ought  always  to  be  made  of  the  pureft  Metal, 
which  being  never  fo  porous  as  the  coarfe,  will 
reduce  their  Size  3  and  ’tis  allowed,  that  in  Traf- 
fick  the  Advantages  ought  in  Juftice  to  lie  on 
the  Side  of  the  Buyer. 

Upon  this  Principle  fome  have  contrived  an 
Inftrument  called  the  Manometer  3  which  is  no 
more  than  a  nice  Balance-beaiu,  having  a  hol¬ 
low 
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low  Globe  or  Glals  hung  at  one  of  its  Arms,' 
and  a  Counterpoife  of  Metal,  when  the  Air  is 
in  a  middle  Way,  at  the  other,  with  Intention 
to  difcover  thereby  the  Rarity  or  Denfity  of 
the  Air.  Whenever  the  Air  became  more  buoy¬ 
ant,  the  Globe,  being  larger  in  Bulk,  and  con- 
fequently  more  fupported  than  the  Weight, 
would  rife ;  and  the  contrary,  when  it  came  to 
be  more  rare.  The  Balance-cock,  on  a  circu¬ 
lar  graduated  Scale,  was  made  partly  to  point 
out  this  Variation.  But  as  this  Machine  can 
Ihew  nothing  more  than  what  the  Barometer' 
in  a  much  better  Manner  will  do,  it  is  enough 
to  have  mentioned  it. 


i 
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PNEUMATICK  S. 

NEUMATICKS,  a Sifter-fdence 
of  the  Hydrostaticks,  treats  of 
the  Nature  and  Properties  of  the 
Air,  its  Motions  and  Effedrs,  in  the 
fame  manner  as  the  other  does  of 
thofe  of  Water.  It  is  commonly  received  a- 
mong  us  for  the  DoBrine  of  the  Air,  or  the 
Laws  whereby  it  is  condens’d,  rarify’d,  gravi¬ 
tates,  and  the  like. 

The  Properties  of  the  Air  defcrihed. 

TH  E  Air  is  a  thin  fluid  Mals  of  Matter, 
which  hangs  about,  and  revolves  along 
with  the  Globe  of  the  Earth  in  its  diurnal  Mo¬ 
tion  on  its  own  Axis,  and  attends  it  on  its  an¬ 
nual  Journey  round  the  Sun,  Let  the  Body 
of  the  Earth  be  reprefented  by  a  Peach,  the 
Air  will  be  aptly  flgnify’d  by  the  Down  grow¬ 
ing  on  its  Surface. 

The  whole  Body  of  the  Air,  together  with 
the  Smoke,  Exhalations  and  Particles  of  a  dif¬ 
ferent  Kind  floating  in  it,  are  in  general  called 
the  Atmofphere. 


T  H  A  T 
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That  the  Air  is  a  Body,  appears  from  its 
excluding  other  Bodies  from  the  Place  where  it 
is.  For  Inftancej  if  we  turn  the  Mouth  of  an 
empty  glafs  Jar  down  into  another  full  of 
Water,  but  little  Water  will  get  Admittance 
into  the  fmaller  V efiel ;  and  that  only  from  the 
ComprelTure  of  the  Air,  by  the  Weight  of  the 
Water  endeavouring  to  enter,  and  the  Air  will 
^offefs  the  reft  of  the  Room. 

That  the  Air  is  a  thin  and  yielding  Fluid, 
whofe  Parts  eafily  glide,  and  are  moved  one 
among  another,  is  not  denied  by  any.  It  was 
proved  Page  108.  to  be  without  Tenacity,  much 
lefs  can  it  have  any  Attraction  or  Cohefion  of 
Parts,  which  its  Compreffibility  and  Elafticity  alfo 
fufficiently  evidence. 

The  Particles  of  the  Air  are  indeed  fo  fine, 
that  they  efcape  the  Notice  of  our  Senfes ;  they 
are  not  ordinarily  to  be  perceived  either  by  the 
Touch  or  the  Sight  :  But  yet  when  a  Quantity 
of  it  fhall  be  thruft  together,  as  in  a  tight  force- 
ing  Syringe,  ftopp’d  at  the  End,  the  Refiftance 
againft  the  Pifton  is  fuch,  that  if  the  Mate¬ 
rials  do  not  give  way,  no  Force  whatever  will 
bring  that  Pifton  down.  Thus  by  Force,  may 
Air  be  fqueezed  together,  or  comprelfed;  and 
in  puftiing  down  our  Pifton,  it  may  be  obferved, 
we  feem  to  work  againft  a  very  ftrong  Spring  > 
which  is  one  very  I'enfible  Inftance  alfo  of  the 
Elafticity  or  Spring  of  the  Air. 


That 
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That  it  is  elaftick,  or  endowed  with  an 
admirable  Spring,  appears  alfo  in  Part  by  its 
conliant  Endeavour  to  maintain  an  equal  De-' 
gree  of  Denfity  in  all  its  Parts ;  and  by  its  im-i 
mediately  falling  into  Motion  to  make  good  all 
Deliciences  whenever  they  eafually  happen 
therein. 

That  it  is  heavy,  appears  by  its  Preffure 
on  all  Bodies  expofed  thereto ;  and  efpecially 
by  its  counterbalancing  and  fuftaining  all  the 
grofler  Fluids  in  elevated  Pipes  to  a  certain  De¬ 
gree. 

The  Weight  of  the  Air- was  proved  by  an 
Experiment  propofed  Page  1 2 .  whereby  a  Qrart 
of  Air,  of  the  common  Degree  of  Denfity, 
near  the  Earth,  will  be  generally  found  to  weigh 
about  tvventy  Grains  Proy.  To  corroborate 
which.  Air  of  the  common  Degree  of  Denfity^ 
may  in  fuch  a  Vefiel  be  ftill  more  condenfed 
by  the  Injection  of  other  Air  from  a  forcing 
Syringe,  upon  which  a  confiderable  Increafe 
of  Weight  will  be  found.  And  thus  is  the 
Gravity  of  the  Air,  not  fulpedted  by  the  An- 
tients,  become  inconteflable  with  us. 

The  World  is  indebted  to- Galileo  for 
this  notable  Difcovery.  Fie  found  by  Experi¬ 
ments,  that  Water  might  be  railed  by  the  com¬ 
mon  Pump  to  a  certain  Height,  and  no  far¬ 
ther:  Whereas  had  Nature  abhor’d  a  Vacuum, 
as  the  Philofophers  then  thought,  it  might  have 

L  2  been 


1 4^  Motion  of  Fluids, 

been  raifed  indefinitely,  as  far  as  a  Vacuum 
could  be  made.  But  this  not  appearing  on  the 
Trial  to  be  fo,  he  happily  thought  of  the  Coun¬ 
ter-balance  of  the  Air’s  Preflure,  which  To- 
Ricellius,  Borelli  and  later  Philofophers, 
the  Englijld  efpecially,  have  lince  purfued  and 
very  much  improved  thereon. 

T  HESE  Gentlemen  confidering,  that  fince 
the  Weight  of  a  Column  of  Air  from  the 
Earth  to  the  Limits  of  the  Atmofphere,  was 
found  equal  to  a  Pillar  of  Water  of  like  Dimen- 
iions,  about  thirty  five  F oot  in  Height,  and  that  as 
Mercury  was  fourteen  times  heavier  than  Water, 
’twas  probable  one  fourteenth  Part  of  thirty  five 
Foot  of  Mercury  would  in  like  manner  be  an 
Equipoife  thereto.  Accordingly  they  took  feve- 
ral  Tubes  of  Glafs,  hermetically  fealed  or  clofed 
at  one  Bind,  filled  them  with  Mercury,  and 
then  inverting  their  nether  End  into  a  Cifiern  of 
the  fame,  found,  that  Part  of  the  fluid  Pillar, 
when  held  perpendicular,  fiill  flowed  out,  and  that 
the  other  Part  remained  handing,  as  they  ex¬ 
pected  it  would,  much  about  the  fame  Height 
in  all.  This  being  noted  on  the  Glafs,  and 
divers  Alterations  in  the  Height  of  the  Mercury 
frequently  appearing,  after  a  long  Series  of  Olv 
fervations,  it  is  at  length  agreed ;  That  the  Pref- 
fure  of  the  Atmofphere,  when  lead:  in  very 
foul  and  ftormy  Weather,  is  much  about  equal 
the  Weight  of  twenty  eight  Inches  of  Mercu¬ 
ry  5  aiid  in  fine  and  ferene  Weather,  that  it  will 
fuppoit  about  thirty  one  Inches  of  that  Fluid: 
Between  which  Extreams,  all  the  Changes  that 
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happen  in  the  Weight  of  the  Air  near  the  Sur¬ 
face  of  the  Earth,  are  generally  found  to  be. 
And  to  thefe  Experiments  is  owing  the  Inven¬ 
tion  of  the  Barometer,  or  Weather-Glafs ; 
which,  being  well  made,  is  a  very  curious  Ba¬ 
lance  for  determining  from  time  to  time  the 
general  Alterations  in  the  Weight  of  the  Air, 
and  confequently  is  of  great  Ufe  in  forelhewing 
what  Weather  may  be  expected, 

0^  the  Barometer. 

TH  E  moft  Ample,  and  indeed  one  of 
the  beft  Barometers,  is  this  but  now  de- 
fcribed,  and  is  what  any  Perfon  may  himfelf 
make,  having  a  clean  glafs  Tube,  clofed  at 
Top,  more  than  thirty  one  Inches  long,  and 
of  any  convenient  Diameter  ;  but  the  larger  the 
better,  that  the  Attraction  of  CoheAon  between 
the  Fluid  and  the  Glals  may  be  no  confide- 
rable  Hindrance  to  the  Execution  and  Perfor¬ 
mance  of  the  Machine.  Fill  fuch  a  Tube  with 
pure  Mercury,  which  may  be  beft  done  by 
Help  of  a  fmall  Funnel  that  will  fuffer  it  to 
pafs  only  in  very  fmall  Drops ;  by  the  fuccef- 
five  falling  whereof  into  the  Tube,  the  Air  will 
be  extricated  from  the  M^ercury  pretty  well  j 
and  the  Column  of  Mercury  viewed  thro’  the 
Glafs,  will  then  refemble  a  Rod  of  Steel  finely 
polilhed.  Stop  the  End  with  your  Finger,  in¬ 
vert  it,  and  flip  it  fuddenly  off  into  an  open 
Veflel,  having  other  Qmckfilver  in  it.  Part  of 
the  Mercury  will  thereupon  defcend,  and  fall 

B  3  into 
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into  the  Ciftern,  and  the  reft  will  be  fuftained 
in  the  T ube  to  the  Height  of  twenty  nine  Inches 
and  a  half  above  the  Surface  of  the  Qmcklilver 
in  the  Ciftern,  if  the  Air  happens  to  be  of  a  middle 
Weight,  and  the  Weather  If  it  be  in- 

dined  to  fair^  the  Mercury  will  ftand  fomewhat 
higher  j  if  foul,  it  will  fettle  fomething  lower, 

T  o  prove  that  it  is  the  Atmofphere’s  Preffure 
on  the  Surface  of  the  Qmckfilver  below,  which 
fupports  the  Mercury  in  the  Tube  j  put  the 
Barometer,  thus  made,  under  an  Apparatu$  that 
may  be  exhaufted  of  Air  ■,  and  as  this  by  the 
Pump  is  gradually  done,  the  Mercury  in  the 
Tube  will  be  feen  to  fall  proportionably.  When 
the  Air  is  v/holly  drawn  off,  the  Mercury  will 
lie  quite  level  at  Bottom  of  the  Ciftern  j  and 
when  the  Air  is  let  again  into  the  Receiver,  the 
Mercury  will  be  prefled  up  again  thereby,  and 
rife  to  the  Height  it  ftood  at  before.  This 
Experiment  is  reprefented  E/g-.  5.  Plate  7. 

The  immediate  Caufe  of  this  Appearance, 
is  doubtlefs  from  the  Inequality  of  the  Air’s, 
Preffure  on  the  Surface  of  the  Fluid.  Before  ex-? 
haufting,  the  Air  prefled  every  Part  of  the  Ciftern 
of  Mercury,  except  the  Spot  juft  beneath  the  up?- 
right  Tube ;  the  Top  whereof  was  however  then 
equally  prefled  by  a  Column  of  Air  of  like  Bafe 
and  Weight  with  itfelf,  v/hich,  had  the  Tube  not 
difplaced  and  transferred  its  Preffure  elfewhere, 
would  have  been  incumbent  alfo  on  that  very 
Spot.  During  the  Exhauftion,  the  Air’s  Preft 
jure  is  gradually  removed  from  off  both  the 
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Mercury  and  the  Tube,  When  the  Exhaufting 
is  finifhed,  thefe  being  encompalTed  with  Space 
void  of  Matter,  and  therefore  without  Weight,  the 
Mercury  remains  on  a  Level,  merely  from  the  Am¬ 
ple  Diredlion  of  Gravity ;  but  when,  upon  Admif- 
iion  of  the  Air,  a  cafual  Preffure  js  again  laid  both 
on  the  Mercury  in  the  Ciilern,  and  the  external 
Part  of  the  Tube  thereto  expofed,  (Vacuity 
from  its  Situation  and  Circumftance  being  ftill 
preferved  within  it)  the  Rife  of  the  Mercury 
into  the  Void  lliews  the  Degree  of  the  prevail¬ 
ing  PrelTure  of  the  Air  and  its  Limits. 

To  make  this  Matter  plainer  if  poflible,  let 
ns  attend  to  the  following  Experiment,  made 
on  a  Fluid  lefs  denfe  than  Mercury.  In  order 
to  which,  exhauft  a  Receiver,  fet  on  a  feparate 
Plate,  of  its  Air,  as  reprefented  in  Fig.  6.  Plate 
7.  and  you  will  have  a  portable  Vacuum. 
Screw  in  a  Pipe  below  j  immerfe  the  End  in 
Water,  and  on  opening  a  Cock,  the  Fluid  will 
rife  into  the  Receiver  in  a  very  fmart  Jet, 
which  if  required  would  mount  perhaps  thirty 
Foot  high  merely  from  the  PrelTure  of  the  exr 
ternal  Air.  And  was  the  fame  Experiment  to 
be  made  on  Mercury,  the  Jet  would  be  found 
to  play  juft  as  high  as  the  Mercury  in  the  Ba¬ 
rometer  would  ftand  :  Nor  indeed  is  this  any 
other  than  a  Barometer  in  another  Foi'm. 


Ineqijality  of  PrelTure,  is  in  general,  we 
are  fenlible,  the  Caufe  of  all  Motion  •,  and  fluid 
Bodies  in  particular  very  readily  lliew  which 
Way  they  are  prefs’d,  by  yielding  to  the  con- 
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trary;  If  the  PrelTure  comes  from  the  Right, 
for  Inftance,  they  give  way  to  the  Left  j  if  from 
above,  they  always  fublide ;  if  from  below,  they 
conftantly  rife,  that  the  Equilibrium  eflablilhed 
in  Nature  may  be  uniformly  preferved. 

Before  we  proceed  farther  on  this  Head,  it 
may  not  be  improper,  for  the  fake  of  Perfpicuity, 
here  to  introduce  a  fhort  Defcription  of  the  mo¬ 
dern  Air-Pump. 


On  the  Ai  r-Pump. 

TH  E  Air-Pump  was  firft  invented  by 
Otho  Gerick,  of  Magdeburg-,  but 
was  rendered  more  pradlicable  by  Mr,  Boyle  j 
and  it  hath  fince  his  Time  been  greatly  improved. 
Fig.  7.  Plate  7.  is  the  Reprefentation  of  the 
Pneumatick  'Machine  now  in  Ufe ;  wherein  A 
is  a  Receiver,  ground  level  at  Bottom,  fet  on  a 
wet  Leather,  covering  a  flat  Plate  B,  to  be 
exhaufted  of  its  Air  occafionally ;  which  being 
a  Body  dilating  by  its  natural  Spring,  and  there¬ 
in  confined,  pufhes  gradually  from  the  Receiv¬ 
er,  thro’  the  crane-necked  Pipe  C,  as  far  as  the 
Ciflern  D,  wherewith  the  two  Barrels  E  E 
communicate ;  and  into  which  it  gets  from  be¬ 
neath  the  Bladder- Valves  tied  over  the  Holes 
made  for  that  Purpofe,  under  either  Barrel  one. 

In  each  Barrel  is  a  moving  Piflon,  leather¬ 
ed  upward,  that  it  may  fhut  off  the  Atmofphere 
above,  as  F  F.  Thefe  are  drawn  up  and  thrufl 

down 
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down  alternately  therein,  by  Means  of  a  circu¬ 
lar  Wheel  full  of  Teeth,  G,  and  a  pair  of 
Racks,  marked  R,  to  fit  thofe  Teeth,  there¬ 
by  conflantly  moved,  the  one  up,  the  other 
down,  when  the  Pump  is  in  Ufe,  by  means 
of  a  Crank  of  very  curious  Contrivance,  P, 
at  every  regular  Revolution  of  the  Winch  or 
Handle  H.  The  Racks  are  kept  from  flying 
off  from  their  Work  by  Rollers  behind,  which 
alfo  eafe  the- Fridlion. 

In  each  of  thefe  Piflons  is  fuch  another  yield¬ 
ing  Valve  placed,  opening  alfo  upwards  into  a, 
perforated  Dudt,  by  which  the  Air  extruded 
from  the  Barrel  at  every  Stroke  of  the  Pump, 
when  the  Piflons  defcend,  may  get  away.  The 
Acflion  of  the  two  Valves,  belonging  to  each 
Barrel,  is  as  in  the  common  Pumps,  alfo  alternate. 

The  upper  Air  being  clofely  fliut  from  off 
the  Barrel  by  the  Piflons  and  Piflon-valves, 
whenever  thofe  rife.  Room  is  given  for  the  in¬ 
ternal  Air  of  the  Receiver  to  dilate,  which  by 
its  elaflick  Quality  it  always  endeavours  to  do, 
and  a  Part  of  it  thereupon  pufhes  out  of  the 
Receiver,  thro’  the  nether  Valve,  into  the  Cham¬ 
ber  of  the  Barrel,  where  a  Vacuum  was  left  on 
the  Rife  of  the  Piflon.  This,  whenever  the 
Piflons  defcend,  they  would  again  condenfe,  did 
not  the  upper  Valve,  on  the  fhutting  of  the  other, 
give  Way,  and  thereby  fuffer  it  to  efcape. 

Br  this  Means  do  we  gradually  get  rid  of 
mofl  of  the  Air  included  in  a  Receiver  j  and 

fo 
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ib  long  as  the  Air  is  denfe  or  grofs,  we  part 
with  it  apace :  But  when  it  is  much  attenuated, 
it  lifts  the  Bladder-valves  of  the  Pump  but 
weakly ;  the  Operation  then  becomes  more  flow  5 
and  when  it  is  very  much  thinned,  it  will  want 
Spring  and  Power  to  lift  them  at  all.  For  which 
Reafon,  by  the  common  Air-pump,  the  Air 
cannot  be  perfeftly  exhaufted  from  our  Re^ 
ceivers,  though  as  near  as  is  59  to  60  it  de-^ 
monftrably  may,  if  the  Machine  be  good. 

The  Racks  and  circular  Wheel  before  men^ 
tioned,  in  the  ordinary  Air-pump,  are  ufed  fome- 
times  to  be  turned  by  the  Handle,  firft  this 
way,  then  that,  flopping  every  Time  the  Rack 
comes  to  the  Bottom  of  the  Barrel,  by  which 
Time  in  making  Experiments  is  lofl :  But  the 
late  Mr.  Vream  found  out  a  Method  of  fink¬ 
ing  and  raifing  the  Piflons,  with  a  regular  unh 
form  going  round  of  the  Winch,  whereby  a 
Crank  was  always  feemingly  turned  diredly  for^ 
ward.  Now  this  Crank  being  communicated  by 
Straps  to  the  circular  Wheel  moving  the  Piflons. 
up  and  down,  into  which  they  were  alfo  fixed  in 
a  moving  Centre,  pitched  at  fome  Diflance  from 
the  true  Centre  of  the  Wheel,  in  fuch  manner 
that  the  Straps  never  pafled  the  faid  Centre  j 
hut  when  by  half  a  Turn  of  the  Winch  and 
Crank,  the  Rack  of  one  Piflon  had  bpen  deprelfed, 
by  the  other  half  Turn  it  was  brought  up  again, 
and  the  other  Piflon  thrufl  down :  And  this  was 
alternately  done  by  the  Rolling  of  the  circular 
Wheel  backwards  and  forwards,  moved,  as  was 
laid  before,  at  every  Revolution  of  the  Winch  ana 

Crankj 
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Crank,  always  kept  in  Motion  diredily  forwards. 
In  the  Draught  this  Contrivance  is  pretty  well 
reprefented;  and  it  might  be  applied  to  the 
railing  of  Water  with  two  Pumps,  worked 
by  a  Water-wheel  in  the  fame  manner,  were 
there  not  in  Ufe  other  Methods  for  that  End 
lefs  fubjedt  to  Friftion, 

To  prove  that  the  Air  is  really  exhaufted,  or 
at  leaft  very  greatly  attenuated,  in  the  manner 
before  fpoken  of,  by  the  Air-pump,  take  a 
Receiver  open  at  both  Ends ;  the  taller  the  better. 
Cover  it  with  a  Plate,  having  a  wet  Leather 
'  between  it  and  the  Glafs ;  to  which  let  there  be 
ari  Apparatus  ’with  a  Hinge  fixed,  with  a  Con¬ 
trivance  coming  thro’  a  Collar  of  Leathers,  that 
it  may  difcharge  or  let  a  Guinea  and  a  Feather, 
put  Side  by  Side  thereon,  go  at  the  fame  In- 
Eant.  ExhauE  the  Receiver,  and  let  them 
drop  together.  Tho’  one  of  thefe  be  the  denf- 
efi:  and  moft  ponderous  of  all  the  material 
Subfiances  we  know,  and  the  other  one  of 
the  laxefi  and  mofi  light,  yet  lhall  they  in  this 
Cale  fall  ecjually  fafi,  and  vifibly  come  down  on 
the  Leather  exadly  together.  Which  will  de- 
monfirate,  that  the  grols  Air,  always  refilling, 
and  confidcrably  retarding  the  Fall  of  light  Bo¬ 
dies,  is  by  the  Pump  really  removed ;  and  at 
the  fame  time  Ihcw,  that  in  Vacuo,  Gravity  af- 
fedls  all  Bodies  equally.  This  Experiment  is 
reprefented  Plate  7.  Fig.  8. 

Moreover,  by  Means  of  a  Barometer  com¬ 
municating  with  the  Receiver,  fixed  beneath 

the 
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the  Frame,  otherwife  called  the  Gage-tube,' 
marked  I,  we  are  able  to  difcover  the  gradual 
Approaches  made  towards  a  Vacuum,  by  the 
Rife  of  the  Mercury  therein,  from  the  Ciflern 
at  Bottom,  by  the  Air’s  external  Prelfure,  always 
vilibly  increaling  in  a  regular  and  juft  Proportion 
to  the  Abatement  and  Removal  of  the  Air 
within ;  as  may  be  observed  in  the  Experiment 
of  exhaufting  the  Air,  in  order  to  bring  down 
the  Mercury,  mentioned  Pa^e  150,  to  very  good 
Advantage. 

The  Gage-tube  may,  on  Occafion,  be 
fhut  oft'  from  the  Receiver  by  the  Cock 
and  L  is  another  Cock,  whereby  the  externa! 
Air  may  eafily  either  be  {hut  oft"  during  the 
Time  of  exhaufting,  or  admitted  again  into  the 
Receiver  after  ’tis  over. 

The  Case  of  the  Barometer  refiimd, 

IT  has  been  already  hinted,  that  the  Column 

of  Mercury  A  B,  in  the  Barometer,  Fig,  9. 

Plate  7.  was  of  a  juft  Weight  with  a  Column 

of  Air  of  like  Diameter  with  the  Orifice  of 

the  Tube,  reaching  from  the  Ciftern  B,  to  the 

the  Top  of  the  Atmoiphere;  which  Column 

GAj  now  prefling  the  Top  of  our  Tube  at 

was  the  Barometer  removed,  would  necefiTarily 

prefs  the  very  Point  on  which  it  now  ftands: 

But  in  the  prefent  Circumftance,  a  Q^ntity  of 

Mercury  adequate  thereto  in  Weight,  is  fub- 

ftituted  within  the  Tube,  in  the  Room  thereof j 

the 
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the  Surface  of  which,  could  the  beforefaid  Co¬ 
lumn  of  Air  come  at,  would  by  its  Weight 
foon  deprefs  the  Column  of  Mercury  kept  thus 
ftationary  in  the  Tube,  by  the  joint  Preffure  of 
the  collateral  Columns  of  Air  furrounding  it, 
marked  in  the  Draught  by  the  pricked  Lines ; 
and  had  the  Tube  been  doled  at  Top  by  a 
Piece  of  Bladder  only,  on  pricking  a  Hole  there¬ 
in,  this  would  immediately  appear,  as  may  eafily 
be  tried. 

We  hydrolfratically  know.  That  in’a  recurv’d 
Tube,  fourteen  Inches  of  Water  will  much 
about  equipoife  and  fupport  an  Inch  of  Mer¬ 
cury.  Let  this  be  applied  towards  explain- 
ing  the  Cafe  of  the  Barometer  before  us,  and 
an  Analogy  between  the  Air  in  this  Cafe,  and 
the  W ater  in  that,  will  appear.  F or  Example ; 

*  I  o*  Plate.  7.  is  a  barometrical  Tube, 
iilied-  with  Mercury,  Handing  between  B  and  C, 
counter-balanced  and  fupported  by  a  Column 
of  Air  reaching  from  the  Ciftern  B,  open  above 
to  the  Top  of  the  Atmofphere,  fuppofe  at  D. 
Between  ^  and  C  is  a  Vacuum,  into  which 
the  Mercui-y  will  rife  from  the  Ciftern  B,  when¬ 
ever  its  counter-poifing  Column  of  Air  B  D, 
becomes  more  heavy ;  as,  on  the  other  Hand’ 
it  will  fall  into  the  Ciftern  when  it  grows  more 
!  light.  The  Ciltern  B  is  ufually  made  pretty 
large,  and  commonly  cylindrical,  that  v/hen  the 
j  Mercury  falling  out  of  the  Tube,  may  fpread 
itfelf  on  a  large  Area,  and  not  by  its  proper 
Weight  ad  again!!  and  counter-balance  too  much 
j  of  the  Column  in  the  T  ube  fiiltained,  as,  was  it 

fmall 
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fmall  or  narrow,  it  neceffarily  muft  do.  Fof 
the  ftationary  Height  of  the  Mercury  is  always  to 
be  reckoned  from  £,  lying  in  the  fame  Plane  with 
B  5  whither  it  will,  when  at  Liberty,  rife  from 
the  Ciftern,  as  to  its  own  Level. 

Was  the  Atmofphere  of  the  famie  Denfity 
from  the  Bottom  to  the  Top,  it  would  be  no 
great  Difficulty,  by  the  help  of  the  Barometer,; 
to  determine  its  Extent;  it  could  not  exceed 
five  Miles  and  a  half  at  moft :  But  as  the  Air 
is  a  dilateable  Fluid,  expanding  itfelf  in  pro¬ 
portion  to  the  Abatement  of  Preffure  above, 
as  alfo  by  the  Increafe  of  its  Spring  from  Heat 
and  other  accidental  Caufes,  we  are  not  able 
to  fpeak  of  its  Lleight  with  any  great  Certainty^ 
Moft  of  the  Learned  however  judge  it  to  be 
fenfible  to  the  Height  of  fixty  Miles ;  others  to 
forty  five,  ftill  growing  thinner  and  thinner  as 
it  leaves  the  Earth,  where  the  Air  is  denleft, 
the  moft  comprefs’d,  and  therefore  the  moft  fit 
for  animal  and  vegetable  Ufe. 

And  that  the  Air  is  really  thus  comprefied 
near  the  Earth,  will  appear  on  tying  up  a 
fmall  Quantity  of  it  in  a  pliant  Bladder 
very  clofe,  putting  it  under  a  Receiver,  and 
exhaufting  the  Air  from  about  it.  For  when 
the  Preffure  of  the  outward  Air  is  remov’d, 
the  inclofed  Air  will  dilate  itfelf  every  way^ 
and  fv/ell  the  Bladder  very  much ;  fo  that  if  it 
had  happened  to  be  well  blown  up  before,  and 
well  tied,  it  wou’d  very  probably  have  been 
biirft  by  the  Experiment.  The  like  would  alfo 
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Jiappen,  at  leaft  in  fome  Degree,  was  a  Man 
to  carry  a  flaccid  Bladder  from  the  Foot  of  a 
Mountain  to  the  Top  j  it  would  be  fenfibly 
found  to  grow  more  and  more  turgid,  and  that 
in  Proportion  to  his  Afcent,  and  the  Abate¬ 
ment  of  the  Air’s  Prefliire  from  without. 


Let  the  Air  then  be  confider’d  as  a  Ipungy 
compreffible  Body,  fomething  like  Wool :  If 
a  Handful  of  which  be  preffed  clofe  together, 
it  will,  we  know,  be  reduced  into  a  very  narrow 
Compafs ;  but  when  left  at  Liberty,  it  will  re¬ 
cover  its  former  Bulk,  by  Virtue  of  the  natural 
Spring  of  its  Fibres.  And  accordingly,  were 
Fleeces  of  V^ool  laid  on  the  Floor,  llippofe 
ten  F oot  deep,  the  nether  Parts  muft  be  more 
compreffed  than  the  upper,  and  that  in  Pro¬ 
portion  to  the  incumbent  Weight :  And  again, 
if  thefe  Fleeces  be  gradually  removed,  the  Fibres 
of  the  Wool  being  elaftick,  will  Hretch  forth, 
unbend  themfelves,  and  occupy  more  Space 
than  in  a  State  of  Compreflion  they  did. 

Thus  is  it  with  the  Air:  If  we  abate  the 
Preflure  by  afcending  an  Eminence,  Doctor 
Scheuchzer’s  accurate  Experiments  made  on 
the  Mountains  of  Switzerland^  inform  us. 
That  by  the  Time  a  Man  is  feven  hundred 
and  ninety  Foot  above  his  firfl:  Level,  the  Mer¬ 
cury  in  the  Barometer,  in  fettled  Weather, 
will  have  fubfided  an  Inch;  at  the  Height  of 
fixteen  hundred  and  ten  Foot  and  a  half  per¬ 
pendicular,  it  will  have  funk  two  Inches;  at 

two 
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two  thoufand  four  hundred  fixty  five  Foot  and 
a  quarter,  the  Difference  will  be  three  Inches  j 
at  three  thoufand  three  hundred  and  fifty  fix 
Foot,  four  Inches}  at  four  thoufand  two  hun¬ 
dred  and  eighty  fix  Foot,  five  Inches;  and  at 
five  thoufand  two  hundred  fifty  five  Foot  and 
a  half  high,  the  Mercury  will  ffand  fix  Inches 
below  what  it  would  have  done  at  the  Level 
of  the  Sea  :  Whence  it  appears,  that  the  Stages 
determining  the  Defcent  of  the  Mercury  (an  Inch 
for  the  firft  fix)  are  feverally  very  different,  being 
denoted  nearly  by  the  Numbers  790,  820,  855, 
891,  930,  969;  which  Spaces  therefore  would 
continue  increafing  till  the  Atmofphere  above 
Ihould  be  of  no  W^eight ;  by  which  Time  the  ba¬ 
rometrical  Mercury  would  be  of  no  Height. 

On  the  contrary,  Ihould  the  Air’s  Preflure 
on  the  Surface  of  the  Earth  be  any  way  aug¬ 
mented,  as  by  defeending  into  a  deep  Mine,  by  the 
Time  a  Man  flaould  be  feven  hundred  and  fixty 
Feet  under  Ground,  perhaps,  the  Mercury  will 
ffand  in  the  Barometer  an  Inch  higher  than  it 
did  at  the  Surface,  But  fuch  a  Defcent  being 
neither  practicable  or  over-fafe,  and  as  we  have 
found  that  Water  is  about  eight  hundred  and 
fifty  times  heavier  than  common  Air,  ’twill 
do  as  well  to  immerfe  the  Barometer,  ffanding 
according  to  the  Preffure  of  the  Air  on  the 
Earth’s  Surface  at  a  certain  Height,  into  ten 
or  eleven  Inches  of  Water ;  and  if  the  Mercury 
thereupon  rifes  about  an  Inch,  we  may  thence 
(ionclude,  that  if  the  Barometer  had  been  let 

down 
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down  feveii  hundred  and  fixty  Foot  below  the 
Surface  of  the  Earth,  the  Effed  had  been  the 
fame. 

The  portable  Barometer  is  the  propereil 
Inftrument  for  this  kind  of  Experiments, 
which  differs  from  the  Toriceliian  only,  in  its 
having  the  fuperlluous  Mercury,  or  what  is 
more  than  neceflary  to  form  the  ftationary  Co¬ 
lumn  of  the  Fluid,  inftead  of  being  in  an  open 
Ciftern,  as  B,  Fig.-g.  Plate  j.  inclofed  in  a 
Box,  as  A,  Fig.  ii.  Plate  7.  in  the  Bottom 
whereof  is  a  loofe  pliant  Leather,  having  fa 
much  Play  left,  that  it  will  eafily  become  either 
concave,  and  fo  let  down  the  Mercury  from 
the  Tube  when  the  Air  grows  light;  or  con¬ 
vex,  and  fo  thrufb  up  Part  of  the  contained 
Mercury  into  the  Tube  when  it  becomes  more 
buoyant,  and.  prefles  harder  againfi;  it.  Under¬ 
neath  the  Box  is  a  Screw  fixed,  and  a  falfe 
Bottom  fitting  the  Leather,  whereby  the  Mer- 
.  cury  may,  for  the  Convenience  of  Carriage,  be 
1  raifed  to  the  very  Top  of  the  Tube,  and  kept 
I  from  jogging  to  and  fro  to  endanger  its  breaking. 

As  Fluids  at  Liberty  and  unconfined  always 
endeavour  to  maintain  the  fame  perpendicular 
Pleight,  the  barometric  Mercury,  whatever  In¬ 
clination  be  given  the  Tube,  being  ftill  under 
the  fame  Degree  of  Preflure,  will  do  the  like. 
.  In  v/hich  Cafe  there  will  indeed  be  more 
Mercury  thrufl:  into  the  Tube,  which  being 
flanted,  becomes  an  inclin’d  Plane,  and  which 
therefore  on  its  Sides  is  expedted  tg  fupoort  the 

M  Dif- 
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DifTerence  of  the  Weight  of  Mercury  contained 
between  the  perpendicular  and  dope  Heights. 

On  this  Account,  fome  have  endeavoured 
to  augment,  or  at  lead  to  magnify,  the  Divifions 
on  the  Scale  of  the  Barometer,  that  the  Altera¬ 
tions  happening  in  the  Weight  of  the  Air  may 
be  the  eafier  perceived ;  and  accordingly  have 
contrived  a  Tube,  running  ftraight  to  twenty 
eight  Inches,  as  AB,  Fig.  1 2 .  Plate  7.  and  then 
bent  by  fuch  an  Angle  as  will  bring  the  upper 
Part  to  be  about  thirty  one  Inches  above  the 
Cifiiern.  If  the  Diagonal  BChe.  thirty  Inches 
long,  the  Rife  of  the  Mercury  one  Inch  per¬ 
pendicular,  will  caufe  it  to  traverfe  ten  Inches 
of  the  Tube  diagonally.  But  as  there  mud 
confequently  be,  in  this  Cafe,  ten  times  more 
Fridtion  between  the  Mercury  and  the  Machine, 
as  well  as  ten  times  the  Attradlion,  this  Indm- 
ment  is  in  Pradlice  found  feemingly  lets  exadf 
than  the  other. 

Should  the  barometrical  Tube  be  taken 
fuddenly  out  of  the  Cidern  at  any  Time,  it 
may  be  obferved,  that  the  Column  of  Mer¬ 
cury,  ordinarily  danding  fome  Inches  below  the 
Top  of  the  Tube,  wdll  thereupon  rife,  and 
drike  againd  it  with  a  kind  of  Shock.  The 
Reafon  of  which  is,  that  by  the  Suddennefs 
of  the  Motion,  Part  of  the  Mercury  will  be 
made  to  quit  the  Tube,  from  the  Vis  Iner~ 
tice  of  Matter  ;  and  the  Remainder  of  the 
Column  not  being  a  full  Counterpoife  to  the 
ere  preding  againd  it  below,  ’twill 

therefore 
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therefore  be  puflied  again  ft  the  Head  of  the 
Tube  with  a  Force  equal  to  the  Difference  of 
the  two  Weights  j  juft  as  one  Arm  of  a  Balance 
riles  with  Force,  or  kicks  up,  when  its  Anta- 
gonift  is  over-charged  with  Weight. 

It  might  therefore  be  expedted,  that  the 
whole  Column  of  iVIercury,  in  thisCircumftancej 
would  be  buoy’d'  up  or  kept  fufpeiicled  by  the 
Pufli  of  the  Air  ;  and  thus  it  would  really 
happen,  as  in  the  pendent  Barometer  it  does, 
was  the  Tube  fmall,  and  held  exadtly  upright ; 
or  otherwife,  one  Part  of  the  lower  Surfa<^  of 
the  Mercury  becoming  fomething  longer  than 
the  reft,  by  over-weighing  and  falling  out  of  the 
Tube,  would  difturb  the  reft,  and  incline  them 
alfo  to  follow:  For  the  Demonftration  whereof, 
fee  Page  7  6 .  before-going.  If  fome  W ater  be  par- 
pofely  put  on  the  Mercury  in  making  this  Expe¬ 
riment,  as  the  Mercury  gradually  defeends  from 
the  Tube,  the  Water,  by  the  Weight  of  the 
Atmofphere,  will  be  forced  up  into  the  Va- 
buity  and  fill  the  Pipe ;  which  will  give  us  an¬ 
other  evident  Inftance  of  the  Air’s  Preffare 
md  intimate  the  Manner  in  which  it  ads  in 
Hydraulicks,  or  the  Pradice  of  raifing  Water 
ibr  Ufe  by  the  various  kinds  of  Pumps. 

I 

FIaving  mentioned  the  pendent  Barometer,' 
he  Defeription  of  tins  Machine,  as  made  by 
he  late  Mr.  Patrick,  will  not  be  dlfam-ee- 
hle  to  the  Carious.  The  Tube  Fig'i’  I'l. 
^late  7.  is  flraiglit  and  flender,  fomewdiat  cc- 
iical,  hej-metically  feal’d  at  Top,  and  is  com¬ 
bi  2  monly 
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monly  five  Foot  or  better  in  Length.  The 
nether  End  is  open,  and  always  freely  expofed 
to  the  Air.  This  is  to  be  filled  with  Mercu¬ 
ry  purged  of  its  Air,  and  turn’d  gently  down. 
What  Mercury  the  Air  fhall  not  be  able  to 
fupport,  will  thereupon  fall  away ;  the  rell  will 
return,  vibrate,  and  hang  ready,  either  to  rife 
in  the  Tube  on  any  accidental  Increafe  of 
Weight  in  the  Air,  or  to  fink  in  it  in  Cafe  of 
any  Abatement  therein  j  and  by  due  Obferva- 
tion,  on  a  regulating  Barometer  the  Marks  may 
be  afterwards  added,  and  the  Scales  graduated  as 
Opportunity  offers. 

This  Inflrument  has  ufually  two  Scales  to 
obferve  by  ;  at  either  End  of  the  Column  of 
fufpended  Mercury  one.  Thefe  are  common¬ 
ly  fomewhat  different  in  Length,  and  the  Di- 
vifions  not  equal  ;  For  as  the  Tube  is  a  little 
conical,  the  Column  of  Mercury  will  necelfa- 
rily  be  fliorter  in  one  Part  of  it  than  in  the 
other.  The  Scales  therefore  of  this  Barometer 
are  always  to  be  feverally  adapted  to  each  T ube. 

The  Mercury  in  this  Machine,  inftead  of 
rifing  and  falling  three  Inches,  as  in  the  com¬ 
mon  one  it  does,  will  move  in  fome  ten,  in 
others  twenty  or  thirty  Inches  perpendicular 
(according  as  the  Tube  happens  to  be  more  or  lefs 
•taper)  which  makes  the  Alterations  in  the  Air’s 
\Veight  very  perceptible  thereby :  It  is  therefore 
a  very  good,  but  not  a  cheap  Barometer;  not 
one  Tube  in  a  hundred  being  fit  for  the  Pur- 
pofe.  If  they  be  nearly  cylindrical,  or  over 
large,  they  will  not  do  at  all 
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DireBions for  obferving  the  Weather 

by  the  Barometer. 

Before  we  have  done  with  this  Sub- 
jedl,  it  may  not  be  amifs  to  fubjoin  the 
Dirediions  which  the  faid  Mr.  Patrick,  af¬ 
ter  long  Experience,  has  given  as  the  handing 
Rules  whereby  the  Alterations  of  the  Weather 
might  be  generally  prognohicated  by  Help  of 
the  Barometer,  and  which  are  to  be  rationally 
accounted  for  on  the  Principles  herein  laid  down. 

I.  The  riling  of  the  Mercury  prefages  in 
general,  fair  Weather  ;  and  its  falling,  foul 
Weather,  fuch  as  Rain,  Snow,  high  Winds 
and  Storms. 

2.  In  very  hot  Weather,  the  falling  of  the 
Mercury  indicates  Thunder. 

3. ’In  Winter,  the  Rife  of  it  prognohicates 
Froh;  and  if,  in  frofty  Weather,  the  Mercury 
falls  three  or  four  Divifions,  there  will  certainly 
follow  a  Thaw:  But  in  a  continued  Froll,  if 
the  Mercury  Ihould  rife,  it  will  certainly  fnow. 

4.  W HEN  foul  W eather  happens  foon  after 
the  falling  of  the  Mercury,  expedt  not  much  of 
it.  And  on  the  contrary,  expedt  but  little 
fair  Weather  v/hen  it  follows  foon  after  the 
Mercury  has  rifen. 


1 66  'The  Motion  ^Fluids, 


5.  In  foul  "Weather,  when  the  Mercury 
rifcs  much  and  high,  and  continues  fo  for  two 
or  three  Davs  before  the  foul  Weather  feems 

j 

quite  over,  you  may  expedt  a  Continuance  of 
fair  Weather  to  follow, 

6.  On  the  contrary  j  if  in  Fair  Weather  the 
Mercury  fails  much  and  low,  and  fo  continues 
for  two  or  three  Days  before  Rain  comes,  you 
may  thxn  expedl  a  great  deal  of  Wet,  and  pro-^ 
-bably  high  Whnds, 

7.  The  unfettied  Motion  of  the  Mercury 
denotes  uncertain  and  changeable  Weather, 

8.  The  Words  graved  on  the  Plates  are  not 
ftridlly  to  be  minded,  tho’  for  the  moft  part 
the  Weather  will  alfo  agree  with  them,  as  to 
the  Riling  and  Fall  of  the  Mercury  :  P'or  if 
it  ftands  at  Much  Rain,  and  then  rifes  to  Chanze-^ 
ahk,  it  prefages  fair  "Weather,  tho’  it  will  be 
of  a  fliorter  Duration  than  had  the  Mercury 
been  higher.  And  on  the  contrary ;  if  the 
Mercury  being  at  Fair,  fliould  fall  to  Change¬ 
able,  it  indicates  foul  Weather  ;  but  not  fo 
much  of  it  as  if  it  had  funk  lower. 

In  order  therefore  to  pafs  a  right  Judgment 
of  what  M^eather  is  to  be  expected,  we  ought  to 
know  whether  the  Mercury  be  inclined  to  rife 
or  fall ;  in  determining  of  which,  the  follovring 
Rules  will  be  of  IJfe. 
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1.  If  the  Surface  of  the  Mercury  in  the  Tube 
lies  convex,  that  is,  higher  in  the  Middle  of  the 
Tube  than  at  the  Sides,  it  is  generally  a  Sign 
that  the  Mercury  is  rifing. 

2.  If  on  the  contrary,  the  Surface  of  it  ap¬ 
pears  concave,-  or  hollow  in  the  Middle,  it  is  cer¬ 
tainly  finking. 

3.  If  its  Surface  feems  to  be  plain,  the  Mer¬ 
cury  is  fl:ationary ;  or  rather  if  it  be  a  little 
convex  :  Since  Mercury,  being  put  into  a  glals 
Tube,  efpecially  if  it  be  finall,  will  naturally 
have  its  Surface  a  little  convex  ;  becaufe  the 
Particles  of  Mercury  attrad:  each  other  more 
forcibly  than  they  are  attracted  by  Glafs. 

4.  If  the  Orifice  of  the  Tube  be  finall,  al¬ 
ways  lliake  the  Barometer  when  you  w^ou’d  ob- 
ferve;  and  if  the  Air  is  growing  heavier,  the 
Mercury  will  ordinarily  rife  about  half  a  Tenth 
of  an  Inch  perhaps  higher  than  it  flood  be¬ 
fore  ;  if  ’tis  growing  lighter,  it  will  fink  as  much. 
This  proceeds  from  the  Adhefion  of  the  Mer¬ 
cury  to  the  Sides  of  the  Tube,  which  prevents 
the  Freedom  of  its  Pvlotion,  till  the  Parts  are 
difengaged  by  the  Shock ;  otherwife  the  Mer¬ 
cury  may  not  move  of  its  ov/n  accord,  per¬ 
haps,  till  after  the  Weather  it  ought  to  have  in¬ 
dicated  is  pafc.  But  if  the  Orifice  of  the  Tube 
be  a  Quarter  of  an  Inch  or  more  in  Diameter, 
no  fuch  Precaution  is  neceffary. 

'  M  4 
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Some  Effects  of  the  Air’s  Pres¬ 
sure  defcribed. 

WHEN  the  Preflure  of  the  Air  v/as  hrft 
difcovered,  according  to  the  Fate  of  all 
confiderable  Inventions,  it  met  with  Oppofers, 
who  objedled,  That  if  the  barometrical  Column 
of  Mercury  was  really  fupported  by  the  Air, 
it  ought  to  have  no  Weight  when  proved  by  a 
Balance  j  which  on  the  Trial  v/il!  not  appear. 

The  Air’s  Prefiiire,  by  the  forementioned 
Experiments  being  undeniably  proved,  makes 
this  Objedtion  fcarce  worth  a  Reply.  Howe¬ 
ver,  to  prevent  the  Triumph  of  fuch  as  had  ra¬ 
ther  contend  for  Vidtory,  than  ingenuouHy 
fubmit  to  Convidlion,  and  own  the  Truth,  we 
anfwer  :  That  the  Materials  of  which  the  Baro¬ 
meter  is  made,  are  all  equally  prefs’d,  and 
equally  buoyed  up  by  the  ambient  Air,  as  well 
feparate,  as  when  put  together ;  they  are  there¬ 
fore,  in  either  Circumdance,  of  the  fame  abfo- 
lute  Weight.  And  tho’  the  Column  of  Air, 
Fig.  lo.  Plate  “j.  B  D,  or  one  in  all  Refpedls 
equal  thereto,  does  certainly  fudain  the  Columni 
of  Mercury  E  C,  in  the  Tube,  which  has  a 
Vacuum  of  no  Weight  above  it ;  yet  as  there 
is  a  Column  of  Air  G,  very  nearly  of  equal 
Weight  with  B  D,  preffing  on  the  Head  of  the 
Tube,  and  not  to  be  removed  thence  j  therefore 
it  IS  that  on  the  Experiment,  no  Diuerence  in 
Point  of  Weight  appears,  -Whereas,  was  the 

Ex- 
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Experiment  to  be  made  on  a  T ube  that  would 
reach  beyojid  the  Limits  of  the  Atmofphere’s 
Preffure,  or  could  the  Preffure  of  the  compa¬ 
rative  Column  of  Air  ^  G  by  any  iMeans  be 
removed  from  off  the  Head  of  the  Tube,  no 
doubt  a  coriliderable  Difference,  equal  to  the 
Weight  of  the  Column  of  Mercury  fupported, 
would  then  be  found. 

0 

In  like  .manner,  the  Pillar  of  Mercury  in 
the  pendent  Barometer,  which  is  evidently  fup¬ 
ported  by  the  Preffure  of  the  Air  beneath,  is  no 
manner  of  Weight  on  the  Hand  ;  but  yet,  as  a 
counterpoifing  Pillar  of  Air  muff  be  allowed  to 
deprefs  the  Top  of  the  Tube  without,  juft  as 
much  as  the  Mercury  therein  fupported  may 
be  allowed  to  weigh,  no  Difference  in  point 
of  Weight  can  appear ;  and  our  Senfes  may  be 
admitted  eafily  to  deceive  us  in  this  Cafe,  as  to 
;  the  Thing  we  do  certainly  lift. 

The  determinate  Quantity  of  the  Air’s  Pref¬ 
fure  depends  on  the  State  thereof  at  the  Time 
of  Trial.  When  ’tis  heavieft,  fourteen  Pounds 
eleven  Ounces  Avoirdupoife  is  found  to  prels 
on  every  fuperficial  Square  Inch  contained 
in  all  Bodies  expofed  thereto ;  and  fourteen 
Pound  one  Ounce  when  it  is  lighteft.  At  a 
Medium,  a  circular  Inch  is  fubject  to  the  Weight 
of  about  twelve  Pounds,  fo  much  being  required 
to  raife  the  Pifton  of  an  exhaufting  Syringe, 
well  clos’d  at  Bottom ;  which  therefore  we  may 
take  as  the  general  Standard  for  finding  the 
Q^ntity  of  the  Air’s  Preffure  on  any  circular 

Plane 


170  The  Motion  of  Fluids, 

Plane  whatever  ({ince  the  Areas  of  Circles  are 
proportionate  to  the  Squares  of  their  Diameters) 
by  this  Analogy  .*  / 

As  I ,  the  Square  of  the  Diameter  one  Inchy 

Is  to  iz  Pounds,  the  Prejfure  thereo?i : 

So  is  the  Square  of  any  Diameter  propofed, 

Po  the  Prefure  on  the  Area  of  the  Circle. 
correfpondent  thereto. 

To  prove  this  Fadf ;  take  a  Pair  of  brafs  He- 
mifpheres,  fuppofe  three  Inches  and  a  lialf  over. 
Put  a  Pving  of  wet  Leather  between  their  Edges, 
which  ought  to  fit  each  other  very  vrcll.  Ex- 
hauft  the  Air  from  between  them,  and  they 
will  require  a  Fall,  as  by  the  Steel-yards  may 
be  tried,  of  near  an  hundred  and  fifty  Pounds 
to  part  them ;  and  yet  they  will  fall  afiinder  by 
their  own  Weight  in  Vacuo.  The  firfi  of  thefe 
Experiments  is  regrefented  Fig.  14.  the  other 
Fig.  1 5.  Plate  j. 

The  Weight  of  the  Air  will  be  always  fen- 
iibly  felt,  on  drawing  up  the  Pifton  of  an  ex- 
haufling  Syringe,  as  above :  Since  it  will  be  forced 
down  by  the  Preffure  of  a  Column  of  Air  cor¬ 
refpondent  thereto  in  Diameter,  of  the  Height  of 
the  whole  Atmofphere ;  and  if  its  Bore  be  three 
quarters  of  an  Inch  in  Diameter,  the  Hand  that 
makes  the  Experiment  will  find  very  near  the 
Refiftance  of  feven  Pounds  if  the  Weather  be 
inclined  to  Fair.  But  yet,  whenever  this  Ma¬ 
chine  alfo  is  put  under  a  Receiver,  and  the  Air 
exhaufted  from  about  it,  the  beforefaid  Weight 

there- 


Natural  ^/2^/Artificial.  171 

thereto  annexed  will  evidently  fink :  But  when 
the  Air  is  re-admitted,  and  comes  again  to  prefs 
tlie  Pifton  on  one  hand,  and  againft  the  Weight 
on  the  other,  it  will  rife  and  return  to  its  former 
State. 

And  hnce  to  great  a  Force  as  twelve  hun¬ 
dred  P ounds  is  required  to  feparate  two  circular 
Planes  of  but  ten  Inches  over,  kept  together 
rnerely  by  the  Force  of  the  Air,  it  is  thence 
eaiy  to  judge  of  the  very  great  Preffure  lying 
conhantly  on  the  Body  of  a  middle-fized  Man, 
the  Surface  whereof  will  be  found  ordinarily  to  - 
meafure  to  about  twenty  fquare  Feet,  This,  from 
the  evident  Experiment  beforementioned,  can 
never  be  lefs  than  forty  thouland  five  hundred 
P ounds  j  but  on  occafions  may  amount  to  forty 
two  thoufand  three  hundred  Pounds,  or  one 
and  twenty  Tons  and  one  feventh. 

The  general  Preflure  of  this  Fluid  may  be 
aptly  compared  to  a  firait  and  general  Bandage, 
made  equally  on  every  Part  of  the  Body,  the 
Sum  total  whereof  would  amount  to  the  Pref- 
luie  juft  named;  which  if  laid  on  any  particu¬ 
lar  Part  of  tne  Body,  would  doubtlels  inevitably 
crufli  it .  But  as  the  Body  is  in  every  Part  loaded 
alike,  ’tis  embraced,  and  as  it  were  bolfter’d  up 
by  it  on  every  Side. 

This  external  mighty  Force  would  be  in- 
fufterable,  and  even  fatal  to  us^  was  not  the 
Air  wG  breathe  tahen  into  our  Lun^s^  mixed 
wiih  the  Bloody  ^nd  after  that  circulating*  with 

'  -  O' 
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the  Mafs  of  Fluids  throughout  the  Body,  of  equal 
Force  with  the  external,  and  therefore  able  to 
reprefs  and  counter- balance  the  enormous  Pref- 
fure  from  without:  Jufl:  as  the  Air  on  the 
Right  Side  of  us,  bears  againft  and  refifls  the 
Preflure  made  by  it  on  the  Left,  whereby  we 
are  freed  from  the  great  Suffering  and  Violence 
which  otherwife  we  fliould  foon  be  fenfibie  of 
to  our  Cofb. 

To  evidence  the  Truth  of  this  :  Take  only 
an  open  circular  Glafs  four  or  five  Inches  over, 
covered  with  a-  flout  Bladder,  like  the  Head  of 
a  Drum.  So  long  as  the  Air  prefles  this  Mem¬ 
brane  on  both  Sides  equally,  it  is  obferved  to 
lie  flreight,  at  refl,  and  truly  level ;  but  it  can 
no  fooner  be  fet  on  the  Pump,  and  Part  of  the 
Air  exhaufled,  but  the  outward  Air  v/ill  vifibly 
deprefs  the  upper  Surface  of  the  Bladder  into  a 
concave  Form.  On  letting  the  exhaufled  Air  in 
again,  it  will  immediately  return  to  its  former 
Situation ;  but  fhould  it  be  continued,  by  the 
Tim.e  the  under  Air  is  greatly  attenuated  be¬ 
neath,  and  the  Refiflance  of  it  nearly  remov¬ 
ed,  the  yielding  •  Subfiance  will  probably  give 
way  to  the  upper  Force,  in  a  very  audible  Man¬ 
ner,  F or  as  there  is  a  V acuum  made  within  the 
Glafs,  the  whole  Body  of  the  adjacent  Air,  on 
the  Burfling  of  the- Bladder,  will  by  its  natural 
Spring  immediately  move,  to  make  good  the 
Deficiency  :  And  fo  far  as  the  Air  fhali  be  fen- 
libly  fliaken  by  the  Suddennefs  of  the  Shock, 
fo  far  the  Sound  of  the  Burfting  will  be  heard, 
like  tlie  Noife  of  Fire-arms,  and  for  fomewhat 
a  like  Reafon.  On 
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On  the  Art  (^Diving. 

Another  Way  of  confidering  the 
PrelTure  of  the  Air  Is,  by  comparing  It 
with  its  adequate  Weight  of  Water.  It  is  known 
to  counterpoife  at  a  Medium,  about  thirty 
three  Foot  of  Sea- water,  a  cubic  Foot  where¬ 
of  weighs  .experimentally  fixty  four  Pounds ;  of 
confequence  therefore,  the  Body  of  this  Fluid 
mull:  prefs  at  lead:  with  the  Force  of  two  thoufand 
one  hundred  and  twelve  Pounds  on  every  fuper- 
ficialFoot  near  the  Surface  of  the  Earth,  where, 
as  has  been  faid,  the  Atmofphere  is  generally  the 
mod  compreffed.  Should  however,  any  Quantity 
of  this  Fluid  be  by  any  Means  conveyed  to  the 
Depth  of  thirty  three  Feet  of  Salt-v/ater,  it 
would,  lying  under  the  Weight  of  a  double 
Atmolphere,  be  there  doubly  compreded,  and 
forced  into  near  half  the  Space  it  took  up  on  the 
Surface.  Should  it  be  farther  immerfed  to  the 
Depth  of  fixty  fix  Feet,  its  Dimenfions  would 
be  dill  much  mmre  contracted,  as  being  -under 
the  incumbent  Weight  of  a  treble  Atmofphere  j 
it  v/ill  then  be  found  to  take  up  but  one  third 
of  the  Space  it  held  at  fird  :  And  at  ninety 
nine  Feet  below  the  Surface,  it  will  becrouded 
into  one  fourth  of  the  Room  it  at  fird  took 

UD. 

j. 

For  this  Reafon,  the  Divers,  who  are  ob¬ 
liged  to  go  down  to  great  Depths  in  Water, 
if  they  have  only  Air  gf  common  Denfity  in 

their 
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their  Bodies,  which  is  commonly  conveyed  to 
them  fucceflively  in  Pipes  from  the  Surface,  al¬ 
ways  find  themfelves  greatly  opprelfcd  by  the 
Weight  of  the  Water  then  above  them.  A  Per- 
fon,  who  from  the  Surface  of  the  Earth  having 
only  common  Air  in  the  Veflels  of  his  Body,  is 
but  ill  provided  to  fuftain  a  double  or  a  treble 
Weight  from  without  j  and  the  additional  Pref- 
lure  will  doubtlefs  be  a  great  Incumbrance  to 
him,  how  equally  foever  the  Weight  may  be 
diftributed  and  laid  on  every  Part. 

’Tis  a  common  Experiment  with  the  Sail¬ 
ors,  to  fink  a  Bottle  well  cork’d,  with  only 
common  Air  in  it,  to  a  good  Depth  in  the  Sea, 
that  on  pulling  it  up  they  may  find,  as  they 
generally  do,  the  Cork  forced  into  the  Bottle 
by  the  external  Prefliire  of  the  Water. 

A  noted  Diver,  not  long  lince,  in  thirteen 
Fathom  Water,  having  the  Trunk  of  his  Bo¬ 
dy  cas’d  in  Armour,  had  his  Arms,  v/hich 
were  only  covered  v/ith  Leather,  fo  fqueezed, 
that  the  Circulation  was  almoft  flopped,  and 
the  Blood  was  forced  out  of  his  Eyes,  Nofe 
and  Ears,  by  the  very  great  incumbent  Preffure, 
which  had  nearly  clofed  his  Blood-veflels.  Pie 
lay  fix  Weeks  by  the  Hurt  he  received  in  this 
Experiment.  And  tho’  he  faw  a  Caflc  of  Dol¬ 
lars  but  at  a  fmall  Diflance  from  him,  it  was 
not  in  his  Power  to  get  at  it ;  and  his  Compa¬ 
nion,  venturing  a  little  farther,  was  near  ex¬ 
piring  when  he  came  up,  and  ad:ually  died  in 
three  Days  time. 


In 
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I N  order  therefore  to  remedy  this  great 
Difficulty,  and  to  render  Pearl  and  Coral-fifh- 
ing,  and  the  Recovery  of  Things  loft  by  Ship¬ 
wreck,  more  pradlicable,  the  Diving-bell  was 
invented;  which  is  a  flout  Machine,  made  of 
Wood  or  Copper,  bell-fafliion,  about  eight 
Foot  high,  and  as  much  in  Diameter  at  Bot¬ 
tom;  this  Form  being  the  moft  advantageous 
of  any  for  the  Purpofe,  becaufe  of  its  great  Ca¬ 
pacity  downwards,  whence  it  may  happen,  that 
when  the  Bell  is  really  half  full  of  Water,  it  may 
not  exceed  perhaps  two  Foot  deep  in  the  Ma¬ 
chine.  It  has  Seats  within,  for  the  Divers  to 
reft  themfelves  upon.  It  is  hung  round  on  the 
Out-fide  with  Weights,  fo  difpofed  as  to  make 
it  fink  with  the  Mouth  downwards,  in  a  per¬ 
pendicular  Pofition.  The  Model  of  the  Bell  A, 
and  the  Utenfils,  you  have  reprefented  Fig.  i, 
Plate  8.  which  being  put  into  a  large  Jar  of  Wa¬ 
ter,  anfv/ers  all  the  Experiments  perfectly  well. 

The  real  Machine,  having  three  or  four  Men 
in  it,  v/ith  proper  Inftruments  for  the  Bufinefs 
propofed,  may  be  let  down  by  the  Yard-arm  of 
a  Ship,  upon  the  Wreck  or  Veflel  loft,  to  the 
Intent  that  the  People  within  may  break  up 
the  Hulk,  and  faften  Ropes  to  Cannon,  Cafks, 
or  any  other  Thing  worth  bringing  up ;  and 
then  the  Sailors  above,  on  a  proper  Signal  given, 
ftand  ready  to  weigh  them  up  with  Tackles,  by 
Force  of  Hands. 


As  the  Machine  is  lower’d  in  the  Sea,  the 

Air 
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Air  within  will  of  courfe  be  gradually  com- 
prelTed  by  the  Weight  of  Water  above  conftantly 
endeavouring  to  pulh  into  the  Bell,  and  will 
confequently  rife  therein  by  Degrees  j  fo  that  at 
thirty  three  Foot  deep,  it  will  be  one  half,  at 
lixty  fix  Feet,  two  thirds,  and  at  an  hundred 
Foot,  it  will  be,  as  abovefaid,  about  three  quar¬ 
ters  full  of  Water,  agreeable  to  what  was  ofer’d 
of  this  kind,  Fage  64.  This  Condenfation  of  Air 
will  not  however  by  its  increafing  Preffure  great¬ 
ly  affed;  the  Perfons  in  the  Bell,  tho’  it  really 
be  of  equal  Force  and  Refiffcance  to  the  whole 
Weight  of  Water  whereby  it  is  compreffed  : 
Becaufe  as  it  is  always  to  be  let  down  llowly,  the 
People  have  Liberty  to  refpire  the  Air  condenfed 
during  the  whole  Time  of  its  Defcent. 

From  the  Capacity  of  the  left  Ventricle  of 
the  Heart,  whereby  the  Blood  is  thrown  out  into 
all  Parts  of  the  animal  Sydem  between  every 
Puhe,  feventy  five  of  which  are  generally  made 
in  a  Minute  when  the  Body  is  in  Flealth ;  and  as 
the  Qrmntity  of  Blood  requifite  to  fill  all  the  great 
V effels  in  a  human  Subjed,  is  ufually  eflimated  at 
about  twenty  Pounds,  Anatomifls  thence  judge, 
that  the  Circulation  of  the  greatefl  Part  of  the 
Mafs  of  Blood,  thro’  the  Lungs,  mufl  be  per¬ 
formed  in  about  five  or  fix  Minutes.  The  Divers, 
in  their  Defcent,  are  fj'om  hence  internally  pro¬ 
vided  by  Degrees,  to  fuflain  the  great  and  pre¬ 
vailing  Preffure  from  without,  to  which  the 
internal  Air  muff  be  neceffarily  a  proper  Anta- 
gonift  at  all  times,  and  in  Equilibrio  with  it,  or 
elfe  mofl  fatal  Effeds  would  irmnediately  follow. 

And 
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And  as  this  Machine  is  to  be  deliberately 
lower’d,  fo  is  it  to  be  raifed,  left  the  Air  taken, 
into  the  Mens  Bodies,  at  the  Bottom  of  the 
Sea,  in  an  extraordinary  Degree  of  Compreft 
fure,  Ihould  by  its  natural  Spring  evolve  itfelf 
too  fuddeniy,  in  cafe  that  PrelTure  is  precipitately 
withdrawn ;  by  which  Accident,  rending  the 
Coats  of  the  Veflels  mieht  brina:  on  immediate 
Death. 

The  Diving-bell  thus  anfwer’d  the  Intention 
of  the  Contrivers  pretty  well ;  but  feme  Incon- 
veniencies  ftill  attending  it.  Dr.  Halley  un¬ 
dertook  to  improve  it.  As  it  contained  but 
four  or  five  Hogfheads  of  Air  perhaps  at  firft, 
when  it  came  to  the  Bottom  of  the  Sea  thefe 
were  reduced  into  the  Bulk  perchance  of  one. 
Now  by  Experience  it  is  found,  that  a  Man. 
requires  about  a  Gallon  of  frelli  Air  to  fubfift 
on  a  Minute,  and  lefs  than  a  Hogftiead  will 
fcarce  ferve  him  an  Hour  :  Becaufe  the  ful- 
phurous  Effluvia  from  the  Blood  either  abforb 
or  vitiate  the  wholfome  Quality  of  the  Air,  or, 
by  blunting  its  Particles,  render  it  in  Time 
effoete,  unfit  for  Refpiration,  and  even  poi- 
fonous. 

A  fecond  Objedlion  to  the  original  Diving- 
bell  was,  the  Want  of  Light.  This  obliged 
them  to  take  down  Candles.  And  a  lighted 
Candle  Ipoils  as  much  Air  as  a  Man  may  ufe : 
Which  is  proved,  by  fetting  one  under  a  glafs 
Receiver,  reprefented  Plate  8.  Fig.  2.  full  of  ' 

N  com- 
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common  Air,  on  a  wet  Leather,  to  prevent  a 
Supply  5  which,  when  either  confumed  or  vi¬ 
tiated,  the  Candle  foon  of  itfelf  goes  out.  And 
no  doubt  but  an  Animal  in  like  Circumftances, 
would  ficken  and  faint  in  a  very  fhort  Time ; 
whence  Mr.  Pat.  Gordon,  in  the  fifteenth 
Paradox  of  his  Geographical  Grammar^  aflerts, 
'7hat  there  is  a  remarkable  Place  in  the  Globe  of 
the  Earthy  of  a  very  pure  and  wholfome  Air  to 
breathe  in,  yet  of  fo  Jlrange  and  deteflable  a  fina¬ 
lity,  that  it  IS  abfolutely  impojjible  for  two  of  the 
entiref  Friends  that  ever  breathed,  to  continue 
in  the  fame  in  mutual  Love  and  Friendfhip,  for 
the  Space  of  two  Minutes  of  ‘Time.  This  muft 
be  where  they  had  fcarce  four  Gallons  of  Air, 
or  that  Q^ntity  of  Space  more  than  their  Per- 
fons  would  poflefs. 

A  third  Objedlion  to  the  original  Diving- 
bell  was,  That  when  the  Air  made  ufe  of  be¬ 
came  hurtful  to  Life,  there  was  no  way  of 
getting  rid,  or  of  fliifting  it ;  and  the  former 
Quantity  of  Air  being  thus  reduced  by  Com- 
preffion  to  the  Compafs  of  one  Hogfhead,  four 
Men  and  a  couple  of  Candles  could  fcarce  fub- 
fifi:  therein  ten  Minutes :  Which  being  too  fhort 
a  Time  to  pafs  up  and  down,  and  do  much 
Bufinefs  in  the  Diving-way,  the  Invention  in 
this  Particular  fell  alfo  veryfliort  of  Perfeilion. 

The  Dodlor  removed  the  firfi;  of  thefe  Ob- 
jedlions,  by  fixing  a  Cock  in  the  Head  of  the* 
Machine,  to  let  out  the  vitiated  or  corrupt  Air,, 
when  necefiary,as  at  B,  This  fucceededvery  welL 
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The  warm  Air  being  lighter  than  the  cold,  always 
rofe  above,  and  was  therefore  firil;  pufhed  forth. 
Nor  was  the  PrelTure  of  the  Water  on  the  Hole 
of  the  Cock  above,  able  to  confine  it  in  the  Bell ; 
becaufe  the  Column  of  Water  condenfing  the 
Air,  and  endeavouring  to  puili*in  at  Bottom, 
was  about  eight  Foot  longer,  and  confequently 
much  heavier  than  the  Column  preffing  on  the 
Cock  at  the  Head  of  the  Machine. 

Whenever  the  corrupt  Air  was  let  loofe,’ 
the  Surface  of  the  Sea  was  put  all  in  a  Foam  ^ 
For  as  the  Air,  in  its  natural  Degree  of  Com- 
prefiure  on  the  Surface  of  the  Earth,  unwinds 
or  expands  itfelf  to  very  large  Dimenfions; 
when  rid  of  that  Preffure,  it  will  doubtlefs 
adt  in  the  fame  Manner,  to  a  ftill  greater  De¬ 
gree,  when  contracted  into  one  fourth  of  the 
Space ;  And  a  Portion  of  Air,  at  the  Depth  of 
a  hundred  Feet,  about  the  Bignefs  of  a  Flazel- 
Nut,  might  become  perhaps  as  large  as  an  O- 
range  at  the  Surface ;  whence  the  Appearance 
juft  mentioned  may  very  reafonably  be  fup- 
pofed  to  proceed. 

T o  fupply  the  Bell  with  frefti  Air,  the  Doc¬ 
tor  contrived  to  have  a  Veffel  fomewhat  like 
a  Barrel,  with  one  Head  only,  or  in  Fadt  a 
ftnaller  Bell,  as  C,  Fig.  i.  Plate  8.  kept  going 
continually  between  the  Surface  of  the  Water, 
where  it  ftill  took  in  frefli  Air,  and  the  prin¬ 
cipal  Machine.  This  Vefiel  being  funk  a  little 
lower,  had  the  Air  therein  more  compreffed 
than  that  in  the  larger.  Into  the  Plead  of  the 
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fmaller  was  fixed  a  ftrong  leather  Pipe,  with 
a  Cock  at  the  End,  which  one  of  the  Divers 
took  and  turned  whenever  they  wanted  a  Sup¬ 
ply  of  frefh  Air,  which  was  eafily  received  in¬ 
to  the  larger  Machine.  This  Contrivance  not 
only  afforded  them  a  continual  Supply  of  whol- 
fome  Air  j  but  by  its  elafiick  Power  emptied 
the  Bell  of  Part  of  its  Water,  and  confequently 
gave  them  more  Room  to  move  and  adt  in. 


A  ftrong  Lens,  eiglit  Inches  over,  was  fixed  at 
the  Head  of  the  Machine,  as  Z),  to  give  them 
Light,  with  the  convex  Side  downward,  in  order 
to  fpread  the  Light  as  much  as  poffible  within  the 
Bell :  Which  fo  well  fucceeded,  that  the  Dodtor 
fays  he  has  read  a  Gazette  at  the  Bottom  of 
the  Sea  in  calm  Weather ;  but  in  a  Gale  of 
Wind,  the  Rays  of  Light  being  frequently 
broken  by  the  Motion  of  the  Water,  his  Cab- 
bin  was  then  fomewhat  darkened. 


This  ingenious  Gentleman  at  length  brought 
Matters  to  fo  great  a  Degree  of  Perfedlion,  that 
he  could  detach  one  of  his  People  from  the 
principal  Machine,-  to  any  proper  Diftance,  with 
Something  like  an  inverted  Hand-bafket  of 
Lead  on  his  Head,  as  E,  fo  fltaped  that  he 
might  fee  his  Way,  and  what  lay  before  him. 
In  the  Top  of  which  was  fixed  a  flexible  Pipe, 
like  that  belonging  to  the  Veffel,  for  tranfmit- 
ting  frefli  Air  when  wanted.  The  Perfon,  by 
turning  a  Cock,  could  fupply  himfelf  from  the 
Bell,  if  he  mounted  a  little  higher  than  the 
Place  of  Communication,  whence  the  Air 

would 
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would  then  naturally  rife  into  this  his  Helmet  j 
and  being  denfer  than  the  Air  us’d  and  ipoil’d, 
would  therefore  extrude  it.  And  this  was  fo  con¬ 
trived,  that  had  any  Accident  happened  to  the 
Perfon  fent  out,  or  if  he  negledted  to  turn  his 
Cock,  and  fo  endanger  the  Bell  by  the  Lofs 
of  Air,  the  People  within  had  another  Cock 
at  command,  by  fhutting  whereof  the  ill  Con- 
fequence  of  fuch  an  Accident  might  have  been 
avoided.  And  as  fuch  a  Perfon  came  gradually 
into  Air  of  a  fit  Denfity  to  repel  the  very  great 
Prefilire  of  the  Water  in  fo  confiderable  a  Depth, 
he  had  of  courfe  refpir’d  it  fufficiently  to  fortify 
his  Body  againfl  the  external  Preflure  at  that 
particular  Depth  of  Water,  and  therefore  could 
not  be  oppreffed  by  its  Weiglit  on  his  quitting 
the  Bell. 


The  Drefs  of  the  People  who  pradlife  this 
Trade  is  generally  made  of  thick  Flannel,  which 
being  once  wet,  and  the  Water  warm’d  by  the 
Heat  of  the  Body,  it  will  afterwards  fcarce  feel 
any  Cold  from  moving  about  in  the  Water  : 
becaufe  the  v/arm  Water,  lodged  next  the  Skin, 
will  always  keep  the  fame  Place. 

Those  who  go  down  in  this  Machine  ge¬ 
nerally  for  fome  Time  complain  of  a  Pain 
in  their  Ear  ;  which  is  by  fome  thought  to 
proceed  probably  from  the  extraordinary  Pref- 
fure  of  the  Air  condenfed  on  the  Membrajia 
Ibympani^  or  a  fine  Membrane  covering  the  Ca¬ 
vity,  or  Drum  of  the  Ear  j  which  is  a  fmall  Aper¬ 
ture,  imagined  by  forne  Anatomifis  to  be  clos’d 
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with  a  V alve  on  the  hither  Side.  Within  this  Mem¬ 
brane  there  can  only  be  common  Air,  (for  the  Cir¬ 
culation  of  the  Blood  in  thefe  Parts  is  very  flow)  and 
without  it  is  Air  confiderably  condens’d,  where¬ 
by  the  faid  Valve  is  fuppofed  to  be  deprelTed, 
and  the  Part  being  exceeding  nervous,  might  con- 
fequently  create  the  Patient  a  great  deal  of  Pain. 
But  when  the  Condenfation  of  the  external  Air 
becomes  ilrong  enough  to  pufh  down  this  Valve, 
the  Pain  then  ceafes,  and  the  Patient  recovers 
his  former  Hearing. 

Whether  there  be  any  fuch  Aperture  in 
this  Membrane,  is  not  very  certain,  nor  is  it  of 
any  great  confequence  to  the  prefcnt  Point,  fince 
by  the  Eujlachian  Dudt  paffing  from  the  Mouth 
immediately  to  the  Cavity  of  the  inner  Ear, 
there  is  as  free  a  Communication  as  can  be  ex- 
pedred  thro’  fo  fmall  a  Canal.  And  hence  it 
is  obfervable,  that  fuch  Perfons  as  are  hard  of 
Hearing,  when  they  are  more  than  ordinarily 
attentive,  are  very  apt  to  open  their  Mouths, 
that  they  may  thereby  catch  as  many  of  the  Rays 
of  Sound  as  they  can,  in  order  to  aflifl:  their 
Hearing.  The  Trouble  therefore  that  the  Di¬ 
vers  feel  at  firfl  in  the  Ear,  proceeds  more 
probably  from  feme  Difficulty  the  Air  may 
And  in  working  itfelf,  on  the  firfl  Cornpreffure, 
through  the  Euftachiaji  Tube  j  and  their  grow¬ 
ing  eafy  afterwards,  may  arife  from  its  taking 
afterwards  the  due  Effedl,  and  refloring  the 
Jiquilibrium  interrupted  in  that  Part,  j 

However  that  be,  one  of  thefe  Divers  ima¬ 
gining 
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glning  himfelf  more  cunning  than  the  reft, 
thought  to  keep  away  the  Ear-ach,  by  ftopping 
his  Ears  full  of  chew’d  Paper  ;  hut  he  fell 
ftiort  of  his  Expectation :  For  as  the  PrefiTure 
increafed,  the  Membrane  was  not  only  prelTed 
as  before,  but  the  Wad  of  Paper  was  depreffed 
along  with  it ;  lb  that  the  Surgeon  had  a  great 
deal  of  Difficulty  to  get  it  out  again. 

Before  we  quit' this  SubjeCt,  it  will  be  pro¬ 
per  to  give  a  ffiort  Defeription  of  the  Cafe,  or 
Suit  of  Armour,  made  Ufe  of  for  diving  in  ffioal 
Water,  where  indeed  Wrecks  commonly  lie,  in¬ 
tended  to  defend  the  Head  and  T runk  of  theDiver 
from  the  external  Preffure,  fo  that  his  Ribs  may 
move,  and  he  be  able  to  fetch  his  Breath. 

The  fide  Sketch  of  this  Contrivance  is  given 
:  Fig.  4.  Plate  8.  and  by  Fig.  3.  is  reprefented  the 
Diver  therein  equipp’d  for  Service,  at  Bottom  of 
I  the  Sea,  let  down  thither  by  a  Rope  faftened  round 
the  Neck  of  the  copper  Machine,  which  feparates 
at  the  Waift  to  receive  his  Body,  the  two  Parts 
of  which  are  connected  by  Straps  of  Iron  ferew’d 
down,  when  the  Diver  is  in,  before  and  behind. 
Between  the  Place  of  the  Right  Arm  and  the 
i  Waift,  is  a  Piece  of  Copper,  which  draws  out 
of  a  Grove,  to  admit  that  Arm  after  the  reft  of 
the  Body  is  in.  This  Grove  is  made  Water¬ 
tight.  On  each  Side  of  the  Head-piece  is  fixed 
a  T ube,  to  which  feveral  Lengths  of  ftiff  lea¬ 
ther  Pipe,  diftended  by  Rings  at  proper  Diftan- 
ces,  may  be  ferew’d  occafionally,  according  to 
the  Depth  of  Water  thro’  which  the  Air  is  to 

N  4  be 


1 84  'The  Motion  (^Fluids, 

be  conveyed  down  from  the  Surface.  In  Front  of 
the  Head-piece  is  fixed  a  ftrong  convex  Glafs,  for 
^fuftaining  the  Preffure  of  the  Water,  fo  that  the 
Operator  may  fee  what  he  is  about.  Juft  be¬ 
low  his  Elbows,  where  the  Blood-vefiels  lie 
pretty  deep,  and  under  his  Knees,  are  girt 
;  eather  Bags,  fit  to  keep  out  Water ;  for  tying 
which  to  the  copper  Machine  there  is  left  a 
fmall  Necking. 

People  have  been  in  this  Machine  forty  Mi¬ 
nutes  at  a  Time,  in  a  moderate  Depth  of  Wa¬ 
ter,  and  have  done  Bufinels  upon  a  Wreck: 
But  as  there  cannot  be  a  free  Circulation  of 
Air  thro’  the  Pipes  of  Conveyance,  they  are 
therefore  obliged  to  ufe  Bellows,  and  fuch  like 
Contrivances,  to  promote  it.  Provided  the  Bu- 
finefs  be  of  fufficient  Importance  to  defray  the 
Charge  of  the  Bell,  nothing  anfwers  the  In¬ 
tention  fo  well. 

Some  EffeBs  of  the  Atmosphere’s 
Pr  EssuRE  on  Animal  and  othen 
Bodies. 

TH  E  Alteration  in  the  Air’s  Preflure  up¬ 
on  our  Bodies,  is  in  general  very  fenfi- 
bly  felt  by  us.  In  clear  ferene  Weather,  when 
it  ads  with  the  greateft  Weight,  we  ufually 
find  ourfelves  more  vigorous,  chearful  and  alert : 
In  foul  and  clofe  Weather,  when  the  Air  is 
more  light,  we  are  moft  commonly  fupine, 
dull,  and  languid. 


In 
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In  the  former  Cafe,  the  Fibres  of  our  Flefli 
are  braced  up  well,  and  made  very  tenfe,  and 
of  confequence  the  Channels  of  the  circulating 
Fluids  muft  be  contradted  by  the  greater  acciden¬ 
tal  outward  Preffure,  aptly  compared  tp  a  general 
Bandage  on  the  Body  j  whence  they  muit  move, 
in  equal  Times,  with  more  Velocity  than  when 
the  Coats  of  the  Veifels,  for  want  of  a  proper 
Preffure,  are  diftended  and  relaxed.  And  that 
this  is  the  Cafe,  appears  in  Part  from  an  over- 
llrain’d  Limb’s  receiving  immediate  Strength 
and  Relief  from  being  bound  up. 

The  Lunaticks  are  a  notable  Inftance  of  the 
Change  of  Weight  in  the  Air.  At  New  and 
Full  of  the  Moon,  when  her  Attradtion,  in 
Conjunfbion  with  that  of  the  Sun,  raifes  the 
groffer  Fluids  in  the  Tides,  it  alfo  generally  caufes 
an  Alteration  in  the  Gravity  of  the  Air  and 
Weather,  ihewn  after  by  the  Barometer;  whence 
the  Blood  of  thefe  People  is  made  to  circulate 
with  an  accelerated  Force,  and  then  they  be¬ 
come  extraordinarily  affedled. 

The  Old  and  Infirm  are  fo  many  fenfitive 
Barometers,  and  are  generally  very  early  in  the 
Notices  they  give  of  the  Alterations  of  theWeight 
of  the  Air,  and  confequently  of  the  Weather. 
Rheumatifms,  Gouts,  Achs,  Megrims,  Shoot¬ 
ing  of  Corns,  and  the  like,  are  with  them  cer¬ 
tain  Indications  of  Rains,  Snows  and  Storms. 
Nor  are  the  Young  and  Healthful  wholly  in- 
fenfible  of  thefe  Changes,  tho’  the  whole  Tex¬ 
ture 
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ture  of  their  conftitutional  Syftem  of  Fibres  be 
in  fine  Order,  replete  with  Juices,  tenfe  and 
elaftic  5  whereas  thofe  of  the  Antient  are  thro’ 
Age  and  long  Ufe  become  more  dry  and  fap- 
lels,  hard,  tough,  unpliant  and  wanting  of 
Spring.  The  Sufferings  therefore  of  thefe  are 
always  greater,  from  this  accidental  Difference  of 
Preffure,  than  the  other,  and  are  doubtlefs  pro¬ 
portionable  to  their  Complaints. 

Th  o’  the  Preffure  of  the  Air  be  fufficient  to 
produce  the  great  Effects  before-mentioned ;  yet 
is  the  Force  thereof  fuftained  by  temper’d  Clay, 
thin  Glafs,  and  the  mofl:  tender  Bodies,  without 
any  Alteration  in  their  Figure  at  all,  merely 
from  their  being  equally  prefs’d  thereby  on  every 
Side :  But  no  fooner  can  this  Preffure  be  abat¬ 
ed  on  one  Hand,  or  increas’d  on  the  other,  than  a 
fenfible  Change  will  immediately  follow. 

Our  Receivers  in  general,  when  they  are 
firfi:  fet  on  the  Pump,  prefs  it  only  with 
their  abfolute  Weight ;  but  if  the  internal  Air, 
by  a  Turn  or  two  of  the  Winch,  be  attenuated, 
its  Preffure  on  their  Surface  will  caufe  them  to 
adhere  to  the  Plate,  fo  as  not  eafily  to  be  feparat- 
ed  from  it.  The  Caufe  is  plain. 

A  Receiver  being  placed  on  the  Leather,  the 
Air  within,  as  well  as  that  without,  lies  under 
equal  Degrees  of  Compreffure,  and  like  a  Mul¬ 
titude  of  little  Springs,  wound  up  or  bent  as 
many  different  Ways,  fupports  the  Weight  of 
the  upper  Air.  This  inferior  Air  fefifts,  and  in 
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jts  turn  reprefles  the  inner  Surface  of  the  Re¬ 
ceiver,  and  the  Leather  whereon  it  ftands,  with 
a  Force  juft  equal  to  that  exerted  by  the  At- 
molphere  on  the  Out-fide  of  the  Receiver  and 
the  Pump }  whence  proceeds  a  perfect  Equilibri¬ 
um  between  them.  But  we  no  fooner  give  one 
Stroke  of  the  Pifton,  and  extract  Part  of  the  in¬ 
ward  Air,  but  that  Equilibrium  ceafes;  and  as 
the  Exhauflion  is  carried  on  or  continued,  the 
growing  Prelfure  of  the  one,  and  the  decreafing 
Refiftance  of  the  other,  make  the  Difference  at 
length  very  notable  j  and  fuch  as  will  be  ex¬ 
tremely  fenfible  to  the  Hand  of  a  Perfon  cover¬ 
ing  a  fmall  Receiver,  two  Inches  over,  open  at 
both  Ends,  whilfl  gradually  exhaufted  of  its 
Air. 

Another  remarkable  Efted,  produced  by 
the  different  Preflures  of  the  internal  and  external 
Air,  may  be  obferved  on  exhaufling  a  fquare 
Bottle  of  its  Air.  This  will  be  befl  done  under  a 
Receiver,  The  Phial  is  to  have  a  leather  Valve 
fo  difpofed  as  to  fuffer  the  Air  to  pafs  out  freely 
during  the  Operation,  but  not  to  let  it  enter  the 
Bottle  again  when  it  comes  again  to  be  admitted 
into  the  Receiver  j  the  Preffure  whereof  will  im¬ 
mediately  fqueeze  the  Bottle  to  Atoms. 

It  may  here  be  remarked,  that  flat  Bodies  are 
not  fo  able  to  refifl:  a  Preffure  as  are  the  round  of 
equal  Thicknefs ;  becaufe  all  the  Parts  of  thefe 
are  difpofed  as  in  an  Arch,  and  fo  fuflain  each 
other  in  a  much  better  Manner  than  is  poflible 
by  Bodies  of  any  other  Shape, 

A  NO- 
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Another  Inftance  of  the  Inequality  of  this 
Preffure,  may  be  given,  by  increafing  it  within 
a  Bladder,  faftened  at  the  End  of  an  injedting 
Syringe,  into  which,  by  repeated  Strokes,  let  a 
Q^ntity  of  Air  be  fucceffively  thrown.  When 
the  Power  of  the  Spring  is  fuch,  that  the  Weight 
of  the  Air  of  common  Denilty  without,  and  the 
Cohelion  of  the  Parts  of  the  Bladder  become 
jointly  unequal  thereto,  this  Membrane  will 
burlf,  and  the  inclofed  Fluid  will  then  get  loofe, 
and  flaake  the  adjacent  Air  fo  as  to  aifedt  our 
Nerves  perhaps  with  the  Senfation  ordinarily 
called  a  Noife. 

This  Experiment  will  alfo  intimate  to  us 
the  furprizing  Eftedls  fluid  Bodies  produce,  in 
dilating  Cavities,  when  pufh’d  thro’  fmall  Chan¬ 
nels.  In  this  Cafe  the  Particles  of  Air  thruft 
into  the  Bladder  with  a  pretty  good  Force,  infinu- 
ate  themfelves,  and  adt  as  does  a  driven  Wedge  in 
dividing  a  hard  Body.  Which  too  is  commonly 
the  Cafe,  it  may  be  obferved,  in  fuch  Apoplexies 
as  are  fatal.  Some  of  the  fmall  Blood- veflels 
break  in  the  Head,  and,  in  the  Courfe  of  the 
Circulation,  repeated  Puflies  being  made  through 
the  fradlur’d  Pipe,  the  Brain  at  length  comes  to  be 
fo  comprefs’d  by  the  extravafated  Blood,  as  to  be 
no  longer  able  to  perform  the  due  Secretions  of 
the  animal  Spirits,  whence  immediate  Death 
enfues. 

A  Stream  of  Air  driven  thro’  a  fmall  Chan¬ 
nel,  will  both  raife  and  fuftain  a  confiderable 

Weighty 
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Weight}  and  the  fmaller  the  Hole,  the  greater 
will  be  the  Effedt  in  a  reciprocal  Time.  An 
eafy  Blaft  from  the  Lungs  will  raife  about 
feven  Pounds }  but  the  Breath  of  a  ftout  Perfon, 
blowing  with  all  his  Might,  above  twenty 
Pounds. 

One  large  Bladder  blown,  may  raife  a  Weight 
as  high  as  leveral  Imall  ones }  but  the  neceflary 
Expence  of  Breath'  for  this  Purpofe,  in  either 
Cafe,  will  be  very  different.  For  Inflance }  two 
Bladders  fimilar  in  Figure,  but  of  half  the  Di¬ 
ameter  of  a  large  one  (fince  Spheres  are  geo¬ 
metrically  demonftrable  to  be  in  Content  pro¬ 
portionable  to  the  Cubes  of  their  Diameters) 
will  require  but  a  quarter  of  the  Breath  to  di- 
ftend  them,  as  wil.  the  greater }  and  yet  will 
they  jointly .  adt  in  a  quarter  part  of  the  Time, 
and  produce  a  proportionable  Part  of  the  Ef- 
fedl.  This  Experiment  is  commonly  apply’d 
to  the  Explication  of  mufcular  Motion,  and  is 
reprefented  5.  Plate  8, 

a 

On  Muscular  Motion. 

TH  E  Mufcles  of  the  Body,  in  general, 
are  thofe  Flakes  of  Flefh  which  ap¬ 
pear  when  the  common  Teguments  of  the  Bo¬ 
dy  are  removed.  They  cover  the  Bones,  and 
not  only  conduce  to  the  Conielinefs  of  the  ani¬ 
mal  Figure,  but  aie  fo  many  moving  Powers 
by  which  a  very  great,  Number  of  diflindt  Mo¬ 
tions  may  be  made,  differing  from  each  other 
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In  their  Forces,  Diredlions,  and  various  Ef*- 
feds. 

O  F  the  Mufcles,  fome  are  round,  fome  ob¬ 
long,  fome  flat,  and  others  circular,  fome  are 
Ample,  but  mofl:  of  them  compound.  The  Ample 
Mufcles  ordinarily  confifl:  of  a  Belly,  red  and 
flefliy,  and  generally  of  a  Pair  of  Tendons 
placed  at  the  Extremities,  white  and  of  a  clofer 
Contexture ;  both  Parts  whereof  feem  to  be  no 
other  than  Bundles  of  parallel  Fibres,  divifible 
with  Care  to  a  great  Degree  of  F inenefs  \  the 
minuteft  Sub-divifion  whereof,  or  Fibril,  feems 
to  be  a  Mufcle  in  Miniature,  and  to  have  its  Belly 
and  two  Tendons  like  the  Mufcle  itfelf.  Not 
but  that  fome  of  the  Mufcles,  and  confequently 
their  Fibres,  have  but  one  Tendon,  being  in 
that  Cafe  flelhy  only  at  the  other  End. 

The  compound  Mufcles  have  their  different 
Series  of  F ibres,  not  parallel  (tho’  the  F ibres  that  fe- 
verally  conflitute  them  are  fo)  but  often  inclined, 
and  lying  in  different  Diredions  to  each  other,  and 
are,  as  well  as  all  the  reft,  curioufly  adapted  to  the 
Purpofe  they  are  deflgned  to  execute. 

The  Tendons  are,  for  the  generality,  in- 
ferted  into  two  of  the  Bones  j  one  fixed,  the 
other  moveable :  The  firft  is  termed  its  Origine  5 
the  fecond  its  Infertion. 

As  the  Mufcles  contrad:,  they  draw  the  move- 
able  Bone  or  Part,  this  way  or  that,  according  to 
the  Dirediion  of  the  Fibres  of  which  they  are 

com- 
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compofed ;  and  as  they  diminifh  in  Length,  their 
Bellies  are  obferved  to  increafe  in  Thicknels,  tho’ 
the  Mufcle  itfelf  enlarges  not  its  Dimenfions ;  but 
its  Bulk  is,  on  Experiment,  found  to  be  rather  left. 
And  this  has  been  made  evident,  upon  a  lufty  and 
mufcular  Perfon’s  moving  and  clafping  his  Fin¬ 
gers,  when  his  Hand  and  Arm  were  curioufly  in- 
clofed  in  a  glals  V eHel  filled  with  Water,  having 
a  fmall  T ube.  inferted  in  the  upper  Part,  that  fo, 
by  the  Rife  or  Abatement  of  the  Water  therein, 
this  Matter  might  be  critically  examined. 

The  Veins,  Arteries  and  Nerves  (the  two  firft 
of  which  being  the  Channels  which  conduit  the 
Blood  to  and  from  the  Heart,  the  Source  of  Life ; 
the  other  being  the  Conveyance  of  the  animal  Spi¬ 
rits  from  the  Seat  of  Perception,  the  Brain)  are 
divided  and  univerfally  diflributed  all  over  the 
Mufcles ;  fince  no  one  Point  of  the  Flefh  can  be 
prick’d,  but  Blood  will  thence  follow,  and  Sen- 
iation  there  be  raifed. 

Now  the  Adlion  of  a  Mufcle  feems  wholly 
to  depend  on  the  Non-obftruilion  of  the  Nerves : 
For  if  the  Nerve  of  any  Mufcle  be  tied,  the 
Mufcle  immediately  ceafes  to  ait  j  and  if  it  be 
cut  thro’,  it  does  fo  for  ever.’  Mufcular  Mo¬ 
tion  muft  therefore  be  affeiled  by  feme  Agency, 
communicated  by  the  Nerves  to  the  moving 
Part. 

It  has  been  alfo  generally  received,  that  the 
fame  Effeil  will  happen  on  tying  or  cutting  the 
chief  Artery  of  a  Mufcle  y  but  this  has  been  found 

not 


192  'The  Motion  of  Fluids^ 

not  to  fucceed,  when  try’d  on  a  Dog,  unlefs 
the  Aorta  or  principal  Artery  of  the  whole  Body 
was  tied.  F or  the  ingenious  Dr.  L  a  n  g  r  i  s  h  in¬ 
forms  us,  that  he  has  tied  up,  and  below  the  Liga¬ 
ture  divided,  four  large  Arteries  of  a  Spaniel,  who 
found  no  Sort  of  Defeat  or  Inconvenience  in  his 
Mufcles  from  the  Operation  when  his  Wounds 
were  well :  By  which  Time  indeed  the  lateral 
Communication  of  the  neighbouring  Arteries 
might  poffibly  be  fo  enlarged,  as  from  thofe  Ar¬ 
teries  to  fupply  the  Mufcles  hinted  at  with  a  free 
Influx  of  arterial  Blood,  after  their  own  Veflels 
had  been  deftroy’d ;  and  which  always  mufl:  hap¬ 
pen,  we  know,  in  fuch  Subjedls  as  furvive  the 
Lofs  of  a  Limb. 

The  Manner  in  which  the  Learned  gene¬ 
rally  conceive  mufcular  Motion  to  be  performed, 
is  from  the  progreflive  Motion  of  the  nervous 
Juice,  increafed  and  on  Occafions  forwarded  by 
the  Determination  of  the  Will,  to  a  certain' Part, 
in  an  undulating  Manner.  And  the  mufcular 
Fibres,  open  to  this  Influx,  receiving  thereupon  a 
larger  Q^ntity  of  the  nervous  Fluid,  grow 
more  turgid,  and  caufe  a  Contradlion,  which 
the  continued  Circulation  of  the  Blood  and  o- 
ther  Juices  aflills  and  promotes,  till  the  intended 
Motion  is  brought  about  and  executed.  And 
what  favours  this  Conjecture  is,  the  Contrac¬ 
tion  of  a  dead  Mufcle,  which  is  always  raifed 
by  the  InjeClion  of  Liquors. 

This  muffc  be  confefs’d  a  plaufible  way  of 
folving  this  very  difficult  Phenomenon  ;  but 

when 


Natural  and A^TmciAL.  193 

when  we  confider  how  great  and  furprifing 
Things  are  done  by  People  in  a  Fright;  when 
the  Mufcles  ad:  almoft  inftantaneoufly  with 
the  very  Apprehenhon  of  Danger,  without  any 
Rededion  made,  or  feeming  Adion  of  the  Will 
perform’d  at  all ;  it  may  be  doubted  whether 
thefe  fudden  and  prodigious  Eifeds  are  brought 
about  in  the  fteady,  uniform  and  regular  Way 
before  propofed. 

Besides  ’tis  well  known,  that  mufcular  Mo¬ 
tion  in  the  Heart  of  the  Eel,  the  Salmon,  and 
P'rog,  will  continue  after  they  have  been  a  long 
Time,  feveral  Hours  perhaps,  out  of  the  Body ; 
and  when  their  Pulfation  has  even  then  ceas’d, 
that  it  will  be  refumed  and  repeated,  on  their 
being  warm’d  a-new,  or  pricked  by  a  Needle. 
But  the  moft  remarkable  Phaenomenon  of  this 
I  kind  is,  the  Twifting  and  Twining  of  the  Viper, 
which  will  continue  for  many  Plours  after  the 
Head,  Pleart,  Entrails  and  Skin  are  taken  from 
it.  Nor  is  it  in  the  leaft  fatisfadory  to  alledge, 
as  is  commonly  done,  that  the  Fluids  in  thefe 
Animals  are  more  vifcid,  and  are  therefore 
longer  retained  in  the  Veffels  of  thefe  Creatures 
than  in  thofe  of  others,  to  produce  the  faid  Ef- 
fed,  after  ail  the  Conveyances  of  the  animal  Spi¬ 
rits  are  intercepted,  and  even  their  very  Source 
deftroyed. 

We  cannot  therefore  but  own,  that  theBu- 
finefs  of  mufcular  Motion  is  not  yet  fo  well  un- 
derftood  as  ’tis  hoped  it  may  hereafter  be,  whea. 
the  InduEry  of  After-ages,  aflifted  by  the  Ob- 
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fervations  of  the  foregoing,  fhall  have  made 
greater  Progrefs  therein. 

It  may  however  here  be  remarked,  that  ex¬ 
treme  Cold  is  always  a  conliderable  Hindrance 
to  mufcular  Motion  j  a  Swelling  from  extrava- 
fated  Humours,  which  fill  the  Interfaces,  and  pre¬ 
vent  the  Corrugation  and  Contradtion  of  the  Fi¬ 
bres,  does  the  fame.  Great  Tremors,  fuch  as 
thofe  of  the  mufical  Strings,  which  vibrate  with 
a  prodigious  Degree  of  Swiftnefs,  and  when 
play’d  on,  very  commonly  aifed:  the  Ends  of  the 
Fingers  of  the  Performer  with  Numbnefs.  Lay¬ 
ing  hold  on  the  lower  Part  of  a  fpringing  Piece 
of  Metal,  when  filed  in  a  Vice,  will  very  foon 
produce  the  fame  Efied ;  as  alfo  does  the  Touch 
of  the  Torpedo,  a  Fifii  which  has  a  Pair  of 
Mufcles  on  his  Back,  compofed  of  very  large 
and  ftiff  Fibres,  which  being  touched,  he  natu¬ 
rally  moves  to  and  fro  with  fuch  Swiftnefs, 
that  it  numbs  the  Hand,  and  immediately  im¬ 
pairs  mufcular  Motion  therein.  It  may  then 
be  a  Qi^ftion,  whether  mufcular  Motion  be 
not  produced  by  the  Nerves  alone ;  fince  when¬ 
ever  they  are  difconcerted,  diflurbed  or  obflrud- 
ed,  by  certain  Accidents,  a  Blow  on  the  Head 
perchance,  or  the  very  Apprehenfion  of  great 
and  eminent  Danger,  fuch  efpecially  as  pro¬ 
duces  Amazement  and  Difmay,  will  on  Ex¬ 
perience,  we  fee,  effedually  caufe  all  mufcular 
Motion  to  ceafe. 

Borelli,  and  other  ingenious  Authors  af¬ 
ter  him,  by  the  Help  of  a  fine  Imagination, 

rather 
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rather  than  from  any  thing  that  feems  to  favour 
it  in  Fad:,  or  proceeds  from  Obfervation,  have  con-- 
jedlur’d,  that  the  long  parallel  Fibres  which  com-* 
pofe  a  Mufcle,  were,  befides  being  together  inclof- 
ed  in  the  common  Membrane  of  the  Mufcle,  con- 
nedted  alfo  by  tranfverfe  Fibres,  croffing  the 
i  longitudinal  ones,  and  dividing  them  at  very 
fmall  Diftances,  into  a  great  Number  of  fmall 
Cells,  Vehcles  or  Bladders  j  and  this  W^ay  have 
they  endeavoured  to  explain  the  Mechanifm 
I  of  mufcular  Motion.  The  Thought  is  phi- 
I  lofophical,  and  pretty  enough,  which  they  thus 
i  purfue. 

A  Bladder,  void  of  Air  and  flaccid^  they 
confider  as  a  Mufcle  in  its  utmod  Elongation  j 
when  inflated,  as  a  Mufcle  contradled.  Being 
empey,  it  may  be  perhaps  eight  or  nine  Inches 
long,  and  then  barely  fufpends  the  Weight 
5'  8.  Being  replete  with  Air  (blown 

thro’  the  Pipe  B,  the  End  of  which  is  cover¬ 
ed  with  a  Valve,  to  eafe  the  Lungs,  and  pre¬ 
vent  the  Return  oi  the  Air  when  the  blowing 
ceafes)  it  will  raife  theWeight  to  a  certain  Height 
The  upper  and  nether  Parts  of  the  Bladder 
reprefent  the  Head  and  Tail  of  the  Mufcle^ 

and  the  Weight  intimates  the  Force  where- 
with  It  acts. 

•  1. 

According  to  Fig.  5.  Plate  8.  we  know 
hat  by  one  Bandage  put  about  the  Middle  of 
)ur  inflated  Bladder,  as  at  C,  the  Weight  will 
Dove  in  a  quarter  of  the  Time,  and  with 
i  quarter  of  the  Breath  requifite  to  fill  the 

^  ^  Ca- 
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Cavity  of  the  whole  without  a  Ligature,  and  that 
a  fourth  Part  of  the  Effedl  will  be  produced 
thereby.  Now  fhould  the  Bladder,  thus  divided, 
be  again  fubdivided  with  Bandages  at  D  and  £, 
the  whole  will  become  a  String  of  fmall  Bladders, 
each  being  a  fourth  of  the  Diameter  of  the  firft, 
which  being  blown  up,  will  raife  a  certain 
Weight  in  a  lixteenth  Part  of  the  Room  and 
Time  that  the  large  one  will. 

And  ’tis  reafonable  to  believe,  that  if  one 
Bladder  of  a  certain  Content  will  when  inflat¬ 
ed  raife  a  Weight  to  a  certain  Height,  two 
comrnunicating  will  produce  double  the  Effedf, 
and  fo  forward.  And  was  a  Chain  of  Bladders, 
thus  circumftanced,  equal  in  Bulk,  -and  like 
in  Figure,  joined  together,  the  Space  through  ^ 
which  the  Weight  would  be  raifed  by  them,  : 
mufl:  be  proportionable  to  their  Number,  or, 
which  is  the  fame  Thing,  to  the  Length  of 
the  String.  And  if  a  determined  Weight  may 
be  raifed  a  certain  Space  by  one  Bladder,  or 
one  String  of  Bladders,  double  the  Weight  will 
be  raifed  by  two  fuch ;  and  confequently  the 
Weight  raifed  by  a  Mufcle  will  be  in  Pro¬ 
portion  to  the  Number  of  its  Fibres,  viz.  its 
Thicknefs:  And  the  abfolute  Strength  of  one 
Mufcle  is  to  that  of  another  as  are  their  Weights 
or  Bulk. 

Was  it  not  for  the  forementioned  Contri-  ( 
vance,  or  fomething  equivalent,  in  the  Con-  f 
ftrudlion  of  the  Mufcles,  all  animal  Motion  j 
muft  be  exceeding  deliberate  and  flow,  and  a  | 
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Snail  or  Tortoile  might  be  reckoned,  and  per¬ 
haps  juflly,  very  nimble  Creatures. 

On  the  Heart,  and  Circulation 

of  the  Blood. 

Muscular  Motion  in  general  is 
voluntarily,  it  being  in  the  Will  and 
Choice  of  an  Animal,  in  Health  and  uncon- 
vulfed,  whether  he  will  move  any  Part  of  his 
Body,  or  whether  he  will  give  it  this  or  that 
Dire(5lion  or  not.  But  the  Heart  is  a  compound 
Mufcle  exempted  from  that  Law,  which  during 
Life,  whether  we  will  or  not,  inceffantly  moves, 
and  at  every  Pulfe  receives  Blood  from  the 
Veins  which  it  again  throws  out  along  the 
Arteries  to  the  very  Extremities  of  the  Body, 
where  the  Arteries  divide  either  into  lymphatic 
Veffels,  into  excretory  Dudfs,  or  capillary 
Veins,  too  fine  for  Sight.  Here  the  Blood 
and  Juices  are  flrain’d,  abforbed,  and  again 
colledted  by  the  fmaller  Ramifications  of  the 
Veins,  by  which  they  are  again  conduded 
back  to  the  Heart,  where  the  fame  Procefs 
being  repeated,  the  animal  Syflem  is  thus 
preferved  often  a  hundred  Years.  So  curious 
a  Piece  of  Pump-work  cannot  but  deferve  a 
little  of  our  Attention.. 

The  Heart  lies  almoft  tranfverfely  on  the 
Diaphragm,  hereafter  defcribed,  Page  207,  the 
greatefl  Part  of  it  is  found  in  the  left  Cavity 
of  the  Thorax  or  Chefl,  wherein  it  is  fufpended 

O  $  at 
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at  Liberty  by  the  Blood-veffels,  with  which  a- 
lone  it  is  connefted.  Its  Balls  is  toward  the 
right,  and  its  ylpex  or  Point  inclines  to  the  Left, 
where  ufually  we  feel  it  beat.  ’Tis  inclofed 
within  a  fixed  Bag,  called  the  Pericardium,  hav¬ 
ing  in  it  a  ferous  Liquor,  in  which  it  floats :  to 
the  end  that  its  Fibres  might  not  only  be  kept  al¬ 
ways  warm,  moift  and  fupple;  but  alfo  that  by 
performing  its  Funftions  in  a  denfer  Fluid,  its 
Motions  might  be  rendered  thereby  more  re¬ 
gular  and  fteady. 

It  is  of  a  conical  Figure,  and  its  flelhy  or 
mufcular  Parts  confifl:  of  feveral  dilferent  Or-r 
ders  of  Fibres,  fo  diredted  and  difpofed  as 
either  to  contradt  or  dilate  it,  which  they  do 
by  turns,  regularly,  and  without  Intermiflion, 
as  has  been  faid,  from  the  very  Beginning  to 
the  End  of  Life. 

In  the  Contradlion  of  the  Heart,  the  Point 
is  drawn  up  a  little  towards  the  Bafe  ;  in  its 
Dilatation  or  Reftitution,  the  Apex  returns  to 
its  natural  Situation.  The  firfl;  of  thefe  is  by 
Anatomifts  termed  the  Syjiole,  the  latter  the 
Diajlok  of  the  Heart. 

A 

Within  the  Heart  are  two  Cavities,  term¬ 
ed  Ventricles.  They  are  divided  by  a  ftrong 
Septum  or  Partition,  the  Place  and  internal 
Diredtion  whereof  is  marked  on  its  Surface, 
Fig.  6.  Plate  8.  by  the  white  Line  E  P.  At 
tlie  Entrance  of  either  Ventricle  is  a  hollow 


Natural  Artificial.  199 

Appendix,  a  kind  of  Bag  of  a  loofer  Texti^re 
than  the  Heart.  Thefe  are  called  the  Auricles, 
with  which  the  Ventricles,  thro’  Valves  of  an  ad¬ 
mirable  Texture  and  Difpofition,  refpedlively 
communicate.  The  right  Auricle  is  there  de¬ 
noted  by  i?,  into  which  Blood  is  admitted  ftom 
the  V ma  Ca‘va  whenever  the  Heart  contradrs ; 
this,  both  afcending  from  the  Parts  below,  and 
defcending  from  thofe  above,  marked  A  con- 
dudts  the  Blood,  colledled  by  the  lelfer  Veins  from 
all  Parts  of  the  Body,  to  the  Heart,  into  which  it 
difcharges  its  Contents  at  N,  where  is  an  excel¬ 
lent  Contrivance,  which  hinders  the  diredl  Shock 
of  the  two  confluent  Streams,  as  in  the  Figure  is 
exprefs’d ;  tho’  this  is  much  more  perceptible 
in  Brutes  than  human  Subjedts.  The  Place  of 
the  right  Ventricle,  marked  i^,  is  between  C 
and  the  Septum  Cordis ;  into  which  the  Blood 
laft  received  by  the  Auricle  is  admitted  when¬ 
ever  the  Heart  dilates.  D  is  the  Sedlion  of  the 
pulmonary  Artery,  whereby  the  Blood  is  thrown 
from  the  right  Ventricle  into  the  Lungs,  which 
are  fpread  without  the  Pericardium  on  either  Side 
of  the  Chefl:,and  being  divided  into  feveral  Lobes, 
viz.  three  on  the  right  and  two  on  the  left,  when 
inflated,  they  v/holly  fill  the  Phorax.  Thefe,  by 
Conflrudtion  and  Texture,  feem  to  be  a  vafl: 
Colledlion  of  fmall  Veflels,  thro’  which  the 
Blood  being  pufh’d  with  fome  Force  and  Rapi¬ 
dity,  becomes  attenuated,  and  there  meeting  with 
the  cool  Air  continually  infpired,  is  thereby  redli- 
fied,  refrefhed,  and  is  then  immediately  gathered 
up  by  the  pulmonary  Veins,  the  numberlefs  Rami¬ 
fications  of  which  terminate  in  four  Canals, 

O  4  which 


200  Motion  of  Fluids, 

which  conduft  the  Blood  from  the  Lungs  in¬ 
to  the  left  Auricle  of  the  Heart,  in  its  Syjlok 
or  Contradion.  This  Auricle  is  fignified  by  jp, 
and  the  Inlets  of  the  pulmonary  Veins  there¬ 
into  by  i?  i?  ;  two  of  which  lying  backwards, 
are  in  our  Draught  only  prick’d. 

At  the  fucceeding  Reflitution  or  Biajlole  of 
the  Heart,  the  Blood  laft  received  from  the 
Lungs  is  admitted  into  the  left  Ventricle,  the 
Place  of  which  is  between  the  Septum  and  the 
left  Side  of  the  Heart,  denoted  by  S  j  and  by 
the  following  Contradion  it  is  thence  thrown 
into  the  great  Artery,  or  the  Aorta,  marked 
GO  from  the  feveral  Branchings  or  Ramifi¬ 
cations  whereof  it  is  diftributed  to  every  Part 
of  the  Body  refpedively.  H,  I,  K,L,  M,  lead 
it  away  to  the  Head,  Arm^s,  &c.  and  from  the 
Continuation  of  G  O  (carried  and  direded  down- 
v/ards,  to  moderate  perhaps  the  prodigious  Force 
of  the  Heart)  the  Trunk  and  lower  Parts  of 
the  Body  are  fupplied  with  arterial  Blood,  by 
diftind  Canals  branched  off  here  and  there,  to 
the  very  Extremities  of  the  Body,  at  every  Sy~ 
Jlole  or  Contradion  thereof. 

It  muff  not  however  be  imagined,  that  one 
and  the  fame  or  a  fingle  Portion  of  Blood, 
received  at  firfl  from  the  Vena  Cava,  is  thence 
circulated  alone  to  the  Aorta,  by  the  fix  di¬ 
ftind  Steps  or  Stages  beforementioned.  But  as 
a  conftant  Supply  is  wanted  for  the  Purpofes 
of  Life,  the  Circulation  is  to  be  fuppofed  con¬ 
tinual,  and  that  at  every  Motion  of  the  Heart 

all 
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all'  the  four  Cavities  are  more  or  lefs  employed, 
viz.  In  the  Contraction  both  Auricles  not  only 
receive  Blood  from  the  Veins  with  which  they 
refpeClively  communicate,  but  the  two  Ventriir 
cles  at  the  fame  Time  alfo  expel  into  their  re- 
IpeClive  Arteries  the  Blood  which  they  had  but 
juft  before  received,  in  the  Reftitution  of  the 
Heart,  from  the  Auricles,  which  are  then  only 
empty’d  into  them:  So  that  whenever  the 
Ventricles  dilate,  the  Auricles  contraft,  and  the 
contrary,  by  the  alternate,  conftant,  uniform, 
and  regular  Motion  of  the  Heart. 

The  Arteries  are  ftrong  conical Dudfs,  larger 
towards  the  Heart,  and  lefs  towards  the  Extre¬ 
mities  of  the  Body,  of  an  elaftick  Nature,  and 
which  dilate  when  the  Heart  pufties  Blood  into 
them  (this  ftriClly  is  called  its  Pulfe)  and  contraCf 
immediately  when  that  Pufh  is  difcontinued. 
The  Veins,  like  the  Arteries,  are  alfo  Tubes  of  a 
conical  thgure,  and  their  Office  is  to  colleCt 
and  return  the  Blood  in  an  even  Stream,  as  has 
been  faid,  to  the  Heart,  from  the  Extremities, 
whither  it  had  been  carried  by  the  Arteries, 

In  this,  as  indeed  elfewhere,  moft  admirable 
feems  the  Artifice  of  Nature.  The  Arteries  are 
found  conical  as  they  leave  the  Heart ;  the  Pufti 
thereby  made,  is  in  part  then  moderated  by  the 
Reflexions  of  the  Fluid  necefifarily  produced  by 
the  inclined  Sides  of  thofe  Canals,  to  the  End  that 
Time  and  Opportunity  may  be  thereby  given  to 
the  feveral  Ramifications  and  Outlets  all  along  the 
jioria,  many  of  which  are  very  finally  to  ga^ 

their 
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iher  up  fuch  Part  of  the  fluid  Stream  as  may  be 
wanting  for  the  Nutrition  of  the  Parts  to  which 
they  feverally  belong;  Whereas  the  Veins  are 
©bferved  always  to  "^enlarge  themfelves  as  they 
approach  toward  the  Heart;  that  the  returning 
Stream,  when  the  impelling  Force  is  greatly 
abated  and  almofl;  fpent,  may,  by  pafling  thro 
a  Tube  filled  with  a  Fluid  only,  meet  lefs 
Refinance  than  muft  needs  have  been  found 
from  a  continued  F ridtion  along  the  Sides  even 
ofcylindric  VelTels. 

That  this  fucceflive  Circulation  of  the  Blood 
is  no  Chimera,  may  be  evident  from  obferving 
the  Courfe  of  it  in  the  tranfparent  Membranes 
of  Animals,  with  the  Microfcope  ;  whereby 
the  Globules  of  Blood  may  be  dillindfly  feen 
in  the  Arteries  to  flow  one  Way,  and  in  the 
Veins  the  contrary. 

Besides  which,  whenever  an  Animal  is  o-^ 
pened  alive,  if  a  Ligature  be  made  on  an  Ar¬ 
tery,  it  always  fwells  between  that  and  the 
Heart,  its  Beatings  become  a  great  deal  ftronger, 
and  the  Blood  fpouts  out  of  it  with  a  furprifing 
Force,  if  an  Opening  be  there  made :  Where¬ 
as  when  a  Vein  in  that  Cafe  is  ty’d,  the  Part 
which  is  between  the  Ligature  and  the  Fleart 
is  found  empty,  lax,  and  yields  no  Blood  when 
opened, 

The  Sedtion  of  the  Arteries  is  always  fmaller 
than  that  of  the  V eins ;  and  of  confequence  the 
equal  Stream,  being  in  thefe  more  confined,  is 

. .  obferved 
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obferved  to  be  more  rapid  in  them.  Fig.  j. 
Plate  8.  is  the  Reprefen tation  of  the  Veins 
and  Arteries  filled  with  the  Globules  of  the 
Blood  circulating  in  one  of  thefe  Animals ;  the 
Figure  of  which  is  drawn  round,  becaufe  the 
Spot  of  reflected  Light,  by  which  thefe  Things 
are  to  be  obferved,  exhibits  fuch  a  View.  The 
Places  marked  DDD,  are  thofe  where  the 
V eins  and  Arteries  were  feen  vifibly  to  com¬ 
municate. 

The  Truth  of  it  will  alfo  farther  appear 
from  obferving  the  Veins  on  the  Back  of  the 
Hand,  if  the  Skin  be  clear.  Thefe  Tubes  are 
furnifhed  at  fit  Diftances  by  femilunar  Valves, 
which  on  proper  Occafions  fiiut  downwards  or 
towards  the  Extremities,  to  take  the  Weight  of 
the  afcending  Fluid  from  off  the  Trunk  of  the 
Veins  laterally,  which  would  otherwife  be  found 
inconvenient,  and  give  the  Body  fome  Pain. 
And  the  immediate  Relief  and  Eafe  we  find 
on  our  lying  down,  fhews,  that  the  Abatement 
of  this  PrelTure,  even  with  thefe  Contrivances, 
is  not  inconfiderable. 

Stroke  then  your  Finger  down  toward  the 
Knuckles  pretty  hard,  and  ’tis  odds  but  you’ll 
pafs  by  fome  or  other  of  thefe  Valves ;  the  con- 
fequence  of  which  will  be,  that  the  Vein  a~ 
bove  the  Valve  will  be  full  of  Blood,  and  be¬ 
tween  it  and  your  Finger  empty :  on  removing 
whereof  it  will  however  fill  immediately,  and 
the  Circulation  will  appear  then  to  proceed  as 
ufual.  Or  elfe,  putting  down  a  Finger  in  the 

fame 
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fame  Place  to  flop  the  Courfe  of  the  Circula¬ 
tion  in  the  Vein,  ftroke  the  Blood  lying  between 
your  Finger  and  the  Valve  upward,  the  lame 
thing  will  happen.  In  order  therefore  to  breathe 
a  Vein,  a  Bandage  is  to  be  made  in  any  conve¬ 
nient  Part ;  and  the  Courfe  of  the  Blood  conti¬ 
nually  forwarded  from  the  Arteries  into  the 
Veins,  being  thereby  partly  Hopped,  the  Vein 
will  fwell  below  the  Fillet,  never  above  it,  un- 
lefs  in  the  Neck:  Which  alfo  plainly  intimates 
the  Courfe  of  the  venal  Blood  to  be  from  the 
Extremities  of  the  Body  toward  the  Heart  di¬ 
rectly. 

Of  Digestion,  Sanguification, 

and  Nutrition. 

Having  dipped  thus  far  into  the  ani¬ 
mal  Oeconomy,  the  Curious  will  not 
be  difpleafed  with  a  Ihort  Account  of  Sangui¬ 
fication,  or  the  Manner  in  which  a  Digeftion 
of  the  Aliments  received  into  the  Stomach, 
furnilhes  Matter  to  repair  the  Decays  of  Nature, 
and  fupply  the  Body  with  necelFary  Nutri¬ 
ment  and  Strength, 

Solid  Food  being  taken  in  by  the  Mouth, 
reduced  to  a  certain  Degree  of  Finenefsby  the 
Teeth,  and  a't  the  fame  time  mixed  with  the 
Spittle  (a  limpid  Humour  fecreted  or  feparated 
from  the  Blood  by  particular  Glands  for  that 
Purpofe)  is  tranfmitted  thro’  the  Gullet,  which 
is  a  PalTage  behind  the  Wind-pipe  leading  into 
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the  Stomach,  lying  beneath  the  Midriff,  and  fi- 
tuated  chiefly  on  the  left  Side  of  the  Abdomea 
or  lower  Belly,  where  the  Parts  are  farther  o- 
pened  and  divided  by  the  Juices  fecerned  by  the 
Glands  of  the  Stomach,  and  by  what  we 
drink. 

Hence  it  is  gradually  pafs’d  into  the  fmall 
Guts;  where  meeting  with  two  other  Secre¬ 
tions  from  the  Blood,  namely  the  Bile  or  Gall, 
and  the  pancreatic  Juice,  the  one  contained  in 
a  Bag  annexed  to  the  Liver,  and  the  other  flip- 
aly’d  from  a  particular  Gland,  it  is  elaborated 
by  the  vermicular  or  worm-like  Motion  of  the 
fmall  Guts,  continually  promoted  alfo  by  the 
A6t  of  Infpiration  and  Expiration,  into  a  ftill 
fofter  Subfiance. 

From  the  fmall  Guts,  the  finer  Parts  of  the 
Aliments,  called  the  Chyle,  are  collected  and 
abforb’d  by  thelafteal  Veins,  opening  into  them, 
and  by  thefe  are  tranfmitted  to  the  Receptacle 
of  the  Chyle,  a  fmall  Knot  or  Bag  placed  near 
the  Loins;  being  forwarded  thither,  not  only 
by  the  continual  vermicular  Motion  of  the  Guts 
abovemen tioned,  but  it  is  affifled  in  its  Pro- 
grefs  onward  alfo  by  the  Power  of  the  Attrac¬ 
tion  of  Cohefion  in  the  ladleal  Veins  them- 
felves,  which  are  exceeding  fmall  Tubes,  and 
fcarcely  ever  vifible  in  cold  Subjefts. 

Hence  in  the  Progrefs  of  Digefllon  it  isa- 
gain  pufhed  upward  along  the  thoracic  Dud;, 
alfo  fmall,  as  high  as  the  Shoulder;  being 

for- 
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forwarded  in  its  Afcent  thither  by  the  continual 
beating  of  the  great  Artery,  or  the  Aorta^ 
near  which  it  is  for  that  Purpofe  rightly  placed. 

It  is  thence  emptied  into  the  left  fubclavian 
Vein  j  after  which  it  proceeds  regularly  with  the 
Alals  of  Blood  to  the  Heart,  and  thenceforward 
continues  to  circulate  with  it,  till  by  Degrees  it 
becomes  affimilated  firft,  then  perfedt  Blood, 
and  fo  helps  to  fupply  from  time  to  time  the 
natural  Secretions,  to  nourith  the  Parts,  to  fcrve 
the  Ufes,  and  repair  the  Decays  of  the  animal 
Syllem. 

And  truly  admirable  is  the  Difpofition  of 
Parts  in  this  whole  Machine;  admirable  the 
Execution  of  all  its  Fundtions  ;  the  Impulfe 
given  from  one  Part  always  begetting  Motion 
in  another,  that  on  the  next,  and  fo  on  thro* 
the  whole  Body.  From  the  Circulation  of  the 
Blood,  the  very  Being  and  perhaps  the  Motion 
of  the  animal  Spirits  are  derived ;  from  the 
Influence  of  thofe  Spirits  over  the  mufcular 
Fibres,  very  probably  arifes  all  mufcular  Mo¬ 
tion  ;  from  mufcular  Motion  the  Circulation  of 
the  Fluids  is  maintained,  in  a  great  meafure 
otherwife  ftagnant ;  and  from  this  Circulation  all 
the  neceflary  Secretions  for  the  Continuance  of 
Life  are  made,  and  the  Veflels  of  the  Body  are 
thereby  kept  fupple,  and  preferved  in  a  fit  Dif¬ 
pofition  and  a  Readinefs  for  Motion  and  Ufe. 
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On  Animal  Inspiration  and 

Expiration. 

The  Bufinefs  of  Refpiration,  whereiii 
the  Air  is  principally  concerned,  will 
properly  come  next  under  Confideration.  And 
this  confifts  of  two  Parts,  Infpiration,  whereby 
Air  is  taken  into  the  Lungs ;  and  Expiration, 
whereby  it  is  thrufl:  out  of  them.  Thefe  are 
in  fome  meafure  performed  by  the  Power  of 
the  intercoflal  Mufcles  acting  on  the  Ribs,  diR 
pofed  in  Form  of  a  fernicircular  Arch,  and 
articulated  with  the  Vertebra  of  the  Back  be¬ 
hind,  and  connected  with  the  Sternum  before ; 
v/hich  are  the  two  Pivots  or  Centres  on  which 
they  are  made  to  move. 

The  Diaphragm  or  Midriff  is  a  Partition 
drawn  quite  crofs  the  Body,  intirely  dividing 
the  Cheft,  containing  the  Heart  and  Lungs, 
from  the  Abdomen  or  Belly,  wherein  the 
Liver,  Stomach,  Guts  and  Bladder  are  contain¬ 
ed.  This  is  a  Mufcle  whofe  central  Parts  are 
tendinous;  the  reft  is  flefliy,  having  its  Fibres 
diipofed  like  Rays  all  round  a  Center.  By  its 
Difpofition  and  Strufture  it  is  capable  of  Ex¬ 
panlion,  whereby  it  becomes  concave  below, 
and  of  Contraction,  whereby  it  becomes  flat ; 
which  it  alternately  does,  and  thereby  becomes 
the  principal  Agent  in  the  Article  of  Breathing. 
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In  Infpiratlon,  the  Ribs  being  rais’d  as  above, 
the  Diaphragm  is  drawn  up,  and  made  flat  • 
by  the  Complanation  whereof  the  Cavity  of 
the  Thorax  or  Cheft  is  enlarged,  and  the  Air 
therein  included,  having  no  fort  of  Communi- 
cation  with  the  outward  Air,  is  thereupon  in¬ 
clined  to  dilate :  To  prevent  which,  and  pre- 
ferve  the  Equilibrium,  the  Air  from  without 
of  courfe  preflTes  dovvn  the  Wind-pipe,  and  di¬ 
lates  the  Lungs  inftead. 

In  Expiration  the  Ribs  fall ;  the  Diaphragm, 
againft  which  the  Liver,  Stomach  and  Inte- 
flines  in  the  Abdomen  alfo  prefs,  again  ex¬ 
pands,  becomes  concave,  and  contrails  the  Ca¬ 
pacity  of  the  Thorax  j  upon  which  the  Air 
therein  inclofed,  being  comprefled,  bears  againft 
the  Surface  of  the  Lungs,  caufes  them  to 
contrail,  whence  the  Animal  is  made  to  ex¬ 
pire  }  and  this  is  repeated  every  time  we  take 
Breath:  In  doing  whereof  the  Lungs  are  per- 
feilly  paflive,  and  play  only  in  confequence 
of  the  mufcular  Motion  before  defcribed,  aft 
lifted  by  the  Ailion  and  Influence  of  the  At- 
molphere  upon  them. 

The  Difpofition  of  the  Lungs  in  the  Bufinefs 
of  Refpiration  is  well  reprefented  by  the  Ma¬ 
chine  Fig.  8.  Flate  8.  wherein  ^  is  a  blown 
Bladder  tied  fall  on  the  End  of  a  Pipe  B,  de¬ 
noting  the  Wind-pipe,  and  communicating  with 
the  outward  Air.  X)  is  a  lax  or  loole  Bladder, 

fixed  to  the  Bottom  of  the  Glafs,  and  is  in 

lieu 
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lieu  of  the  Diaphragm.  The  Air  between  the 
two  Bladders  in  the  Glafs  intimates  that  liip- 
pofed  to  be  pent  up  in  the  Cavity  of  the  Tho¬ 
rax.  This  artificial  Diaphragm  being  by  the 
Hand  puihed  inwards,  the  Air  inclofed  in  the 
Glafs  will  be  condenfed,  and  bearing  againfi; 
the  Surface  of  the  artificial  Lungs,  will  comprels 
them  fo  as  to  force  out  their  inward  Air ;  as 
it  in  real  Expiration  happens  :  And  again,  be^ 
ing  pulled  outward,  the  contrary  EiTedt  will  ap¬ 
pear,  as  in  real  Infpiration  it  is.  Both  Adtions 
are  reprelented  by  Fig.  8  and  9.  Plate  8. 

Whenever  any  Animal,  not  of  the  am¬ 
phibious  Kind,  or  one  not  living  indifferently 
either  by  Land  or  Water,  or  I nfedts,  are  in  the 
pneumatick  Engine  deprived  of  their  outward 
Air,  the  internal  Air,  in  the  Cheft  confined, 
will  naturally  dilate,  and  for  Want  of  a  Coun- 
terpoile  to  iiipport  and  keep  the  Lungs  dillend- 
ed,  thefe  will  contradt ;  upon  which  the  Blood- 
veffels  thereof  will  be  all  comprefled  and  clofed, 
and  the  Circulation  being  thus  flopped,  the  Ani¬ 
mal  will  immediately  fail  into  Convuifions ;  and 
without  fpeedy  Relief  by  the  Admifllon  of  frefli 
Air,  to  counterbalance  the  faid  Prefilire  on  the 
Lungs,  certain  Death  enlues. 

The  Manner  in  which  this  is  done^  is  aptly 
exprefled  by  Fig.  lo.  Plate  8.  from  which  if  the 
external  Air,  and  with  it  the  communicating  Air 
contained  within  the  Bladder,  be  exhaufted,  that 
confin’d  between  the  Bladder  and  the  Bottle 
will  by  its  Spring  dilate,  and  tliruft  the  Blad- 
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der,  here  alfo  reprefenting  the  Lungs,  on  a  Heap. 

It  may  moreover  be  here  remarked,  that 
there  is  a  natural  Contradlility  in  all  mufcular 
Fibres,  or  a  Propenfity  to  contract  themfelves  • 
and  that  whenever  they  are  freed  from  the 
Counter-adlion  of  fome  adequate  Force,  which, 
in  the  prefent  Cafe,  the  Air  conftantly  received 
by  the  Wind-pipe  always  proves,  that  alone 
might  be  fufiicient  to  produce  the  Effedl  here 
propofed. 

It  may  alfo  be  fartlier  remarked:  That  if 
any  Animal  has  never  drawn  Breath,  the  Lungs, 
being  in  that  Cafe  fpecifically  heavier,  will  fink 
in  Water :  But  after  it  has  breathed,  the  Ve- 
ficles  of  the  Lungs  being  diftended  with  admit¬ 
ted  Air,  will  always  fwim.  By  this  Method  the 
Surgeon  can  pofitively  fay,  whether  an  Infant 
fufpedted  of  being  murdered,  was  ft  ill- born  or  not. 

On  A  NiMAL  Suction. 

A  Creature  not  an  Hour  old  is  Mafter  of 
this  needful  Piece  of  Philofophy.  Left 
a  wrong  Idea  however  might  be  affixed  to  a  good 
and  ufeful  Word,  it  may  be  proper  firft  to 
fettle  what  by  Sudtion  is  really  to  be  under- 
ftood. 

In  order  to  this,  we  may  take  a  Cupping-glafs ; 
put  it,  the  Mouth  downwards,  under  a  Receiver 
open  at  Top  j  but  which  may  on  Occafion  be 

doled 
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clofed  by  the  Hand,  as  Fig.  ii.  Plate  8.  Ex- 
hauft  them  then  together;  and  on  fliaking  the 
Pump,  the  under  one  will  freely  move ;  the  o- 
ther,  prefled  by  the  Weight  of  the  Atmolphere 
above,  will  adhere  to  the  Leather  fafl:  enough. 

Now  v/ere  our  Glafles  fixed  down  to  the 
Plate  of  the  Pump  by  any  Power  of  Sudlion, 
they  would  in  this  Inftance  both  be  fo ;  which 
is  contrary  to  Fa(£t,  However,  if  we  catch 
away  the  Hand  from  the  Hole  of  the  Receiver 
in  this  Circumfliance,  and  fuddenly  admit  the 
Air  upon  the  Cupping-glafs  from  above,  that 
Machine  will  then  be  fixed  down  by  the  Weight 
of  the  Atmofphere,  thrown  upon  it  all  at  once, 
and  the  Receiver  will  then  be  at  full  Liberty : 
Which  to  a  Demonftration  proves,  that  it  is 
no  Property  in  Sudlion,  but  the  Air’s  PrelTure 
only,  by  which  the  grolTer  Fluids  are  made  to 
move.  And  this  is  alfo  farther  evinced,  by  the 
Experiment  mentioned  in  the  Hydrojlaticks, 
Page  48  b 

An  Animal  therefore,  upon  applying  his 
Mouth  to  fuck,  does  no  more  than  diflend  his 
Cheflj  much  as  in  the  Cafe  of  Infpiration, 
whereby,  Ikidly  fpeaking,  the  Air  is  drawn, 
or  fucked  into  the  Lungs ;  at  which  Time, 
the  rarer  Air  within  not  being  a  Counterpoife 
to  the  denfer  Air  without,  the  Water  from  the 
Springs  the  Milk  from  the  Bread;,  and  the  like, 
are  forced  into  the  Mouth :  Whence  again,  by 
working  the  Pump-work  of  the  Parts  of  the 
Throat,  qualified  to  a<5t  on  that  Occafion.as 
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a  double  Valve,  or  one  that  will  both  fock  and 
force,  the  Rife  of  the  Fluids  firft  into  the  Mouth, 
and  then  their  Defcent  into  the  Stomach,  is  al¬ 
ternately  promoted. 

On  the  Spring  or  Elasticity  of 

the  Air. 

TH  E  Preffure  of  the  Air  having  been  al¬ 
ready  undeniably  demonflrated,  let  us 
next  confider  its  Elafticity. 

As  the  Air  is  a  Mafs  of  fluid  Matter,  pene- 
rally  yielding  to  all  Impreflions,  it  may  be  ea- 
flly  condenfed,  and  by  Injedtion  from  a  forc¬ 
ing  Syringe,  be  crouded  into  Veflfels  of  Strength 
fufficient  to  bear  the  Force  of  fuch  Compreffure. 
In  the  Wind-gun,  for  Example,  which  is  a  Ma¬ 
chine  fhap’d  like  aFufil,  into  the  Chamber  where¬ 
of  Air  may  be  injedled  by  a  proper  Syringe,  till 
it  is  twenty  times  perhaps  of  the  Strength  and  Te- 
nour  of  our  Atmofphere,  and  able  to  throw  a  Bul¬ 
let,  by  its  Spring,  thro’  a  Board  feveral  times  fuc- 
ceffively,  whenever  Part  of  it  lhall  be  let  go,  or 
fuffered  to  rufli  forth,  on  the  Fall  of  the  Cock : 
But  yet  the  aerial  Particles,  in  the  greatefi;  Degree 
of  ComprelTure  pofiible,  fhall  not  be  fo  wedged 
together,  as  to  come  to  a  general  Con  tad:  For 
that  would  entirely  deftroy  their  Spring  •,  which 
in  the  Nature  of  Things  is  impoffible  to  be  done. 

Common  Air  near  the  Earth,  by  the  work¬ 
ing  of  the  piieumatick  Engine  only,  and  with¬ 
out 
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out  any  extraordinary  Degree  of  Heat  to  heigh¬ 
ten  its  Spring,  may  be  very  much  dilated  (accord^- 
jng  to  Mr.  Boyle’s  Experiments,  certainly 
thirteen  thoufand,  and  probably  four  times  as 
much)  yet  fhall  its  Parts  even  then  not  want 
for  Spring,  tho’  it  muft  be  exceeding  weak. 

The  Expaniion  of  the  aerial  Particles  will 
be  better  underfcood,  if  with  Mr,  Boyle  we 
conceive  them,  fine  as  they  are,  and  impercep¬ 
tible  to  Senfe,  to  be  like  fo  many  little  Watch- 
iprings,  coil’d  round  and  contorted,  but  infi¬ 
nitely  more  perfedl  j  fince  thefe  are  found  to 
adl  every  way,  and  every  way  alike,  in  a  Ipheri- 
cal  Manner ;  and  by  a  certain  Rotation  round 
their  Centres,  beat  each  other  out  of  their  pro¬ 
per  Spheres  of  Adlivity. 

Sir  Isaac  Newton,  in  his  Principia^ 
fays ;  That  if  a  Fluid  confijis  of  Particles  re¬ 
pelling  one  another  ‘with  a  Force  reciprocal  to  the 
Pnjlance  of  their  refpeciive  Centres,  fuch  Fluid 
‘will  ka‘ue  a  Sprhtg  reciprocal  to  the  Space  in 
‘which  it  foall  be  compref  'ed ;  which  is  certainly 
applicable  to  the  Air.  For  the  component  Par¬ 
ticles  of  this  Fluid  endeavour  to  expand  and 
recede  from  one  another  with  a  F orce  fo  great, 
that  the  greatefl;  Compreflure  is  not  able  to  over¬ 
power  it,  or  fo  to  condenfe  them,  as  to  drive 
them  v/ithin  the  Sphere  of  each  other’s  Attrac¬ 
tion,  and  prevent  or  overcome  their  Eiafticity. 

The  more  the  Air  is  comprefled,  and  its 
Denfity  encreafed,  the  more  elaftick  ftill  it  isi 

P  ^  be- 
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becaufe  the  nearer  its  Particles  are  fqueezed  to¬ 
gether,  the  more  they  repel,  and  endeavour  to 
fly  from  and  avoid  each  other.  And  let  the 
compreflive  Power  be  ever  fo  great,  or  continue 
ever  fo  long,  the  Moment  it  is  removed  they 
will  expand  and  recede  from  one  another  with 
a  Velocity  proportionate  to  the  Degree  of  the 
Compreflion;  that  is,  the  Force,  by  which  the 
Particles  of  the  Air  fly  from  each  other,  increafes 
in  the  fame  Ratio  as  the  Diflance  in  which  the 
Centres  of  the  Particles  are  diminiflied ;  or,  in 
other  Words,  the  repelling  Force  is  inverfely  as 
this  Diflance. 

The  Particles  of  Air  are  much  comprefled 
near  the  Earth  by  the  incumbent  Weight  of 
the  Atmofphere  above,  which  being  removed, 
they  immediately  evolve  themfelves,  and  ex¬ 
tend  what  was  but  a  Spherule  at  firft,  to  a 
Sphere  of  large  Dimenflons  j  as  will  be  evident 
from  inverting  a  Bolt-head,  or  if  you  pleafe 
a  Florence  Flafk,  almofl;  full  of  Water,  into 
a  Jar,  having  little  Water  in  it.  For,  on 
exhaufling  the  ambient  Air,  which  before  buoy¬ 
ed  it  up  therein,  it  will  all  gradually  link  down 
into  the  Jar  ;  and  the  fmall  Portion  of  Air, 
which  before  poffefled  but  a  little  Room,  will 
dilate,  on  the  finking  aw'^ay  of  the  Water,  fill 
the  whole  Flalk,  and  in  the  Courfe  of  Exhau- 
flion,  perhaps  fome  of  it  may  be  feen  alfo  to 
rife  and  bubble  thro’  the  Water  thus  all  brought 
down  into  the  Jar.  This  Experiment  is  repre¬ 
fen  ted  12.  Plate  8. 
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As  another  vifible  Inftance  of  this  Spring, 
we  may  take  a  tight  Veffel,  as  Fig.  13.  Plate 
8.  and  fill  it  about  a  quarter  Part  with  Water; 
fcrew  into  it  a  Pipe,  reaching  nearly  to  the 
Bottom,  into  which  afterwards  injedt  a  Quantity 
of  Air,  which  at  every  Stroke  of  the  Syringe 
will  be  forced  thro’  the  Body  of  the  Water, 
and  being  the  lighter  Fluid,  will  take  Place  a- 
bove.  The  Spring  of  the  Air  thus  injedled  will 
by  Degrees  become  very  confiderable,  bearing 
hard  againft  the  Top  and  Sides  of  the  Veffel 
on  one  hand,  and  on  the  Surface  of  the  Wa¬ 
ter  on  the  other  :  So  that  upon  opening  the 
Cock,  it  will  thereby  be  forced  up  in  a  very 
fmart  Jet ;  and  when  the  Water  is  all  puflied 
out  and  fpent,  the  Air  will  follow  in  a  vigo¬ 
rous  Blaft. 

Much  the  fame  Effedt  might  alfo  be  produ¬ 
ced,  by  Air  of  the  common  Degree  of  Denfity,  in 
rarefied  Air,  as  will  appear  from  making  the 
Experiment  on  a  fit  Machine  for  the  Purpofe, 
by  only  exhaufting  Part  of  the  Air  from  the 
Receiver;  the  Figure  whereof  is  reprefen  ted 
Plate  8.  Fig.  14. 

But  certainly  to  determine  what  the  na¬ 
tural  Power  of  the  Spring  of  the  Air  is  near 
the  Earth,  put  a  Quantity  of  Quickfilver  into  a 
circular  Phial,  Screw  a  Tube,  open  at  Top,  and 
upwards  of  thirty  one  Inches  long,  into  its  Neck. 
Place  it  under  ah.  Apparatus  that  may  be  ex- 
liaufted.  Which  done,  the  Air  pent  within 
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the  Phial  will  expand,  and  by  the  Power  of 
its  Spring,  raife  the  Mercury  to  the  fame  Height 
within  a  Trifle  as  in  the  Gage-tube  it  docs,  from 
the  Preffure  v/ithout :  And  ’twould  raife  it  quite 
as  high,  but  that  the  natural  Spring  of  the  Air, 
when  Part  of  the  Mercury  comes  thus  to  be 
thiufl  from  the  Pliial  into  the  Tube,  by  that 
Expanfion  mull  be  fomewhat  weakened.  Nor 
can  the  h  orce  of  the  Air’s  general  Spring,  and  its 
Preffure,  be  reafonably  any  other  than  equal  5  ■ 
fince  the  Adion  of  the  one,  and  the  Re-adion 
of  the  other,  are  according  to  the  Laws  of  Na¬ 
ture  always  equal  and  contrary.  This  Expe¬ 
riment  is  reprefen  ted,  Flate  8.  Fig.  15. 

A  notable  Inffance  of  the  Power  of  this 
Spring,  may  alfo  be  given,  in  its  railing  a  conli- 
rable  Weight  j  W'hich  is  to  be  done  by  tying 
up  a  C^ntity  of  Air  in  a  ffrong  lax  Bladder. 
Let  this  be  either  fulpended  in  a  larger  Receiver, 
vrith  the  Weight  at  the  End,  as  fuppofe  that 
reprelented  by  Fig.  5.  Plated,  or  for  Convenience 
rather  let  it  be  thruft  into  a  wooden  Hoop,  to  con¬ 
fine  and  keep  it  from  fpreading  lide-ways.  On 
this  let  the  Weights  be  laid,  as  16.  Plate  8. 
Exhauff  the  Receiver  of  the  ambient  Air,  and 
that  inclofcd  will  by  its  Expanfion  vifibly  raife 
the  Weights  with  a  great  deal  of  Eafe. 

Another  Evidence  of  the  Power  of  this. 
Spring  may  be  had,  by  confining  the  Air  with¬ 
in  a  fquare  Phial,  not  over-ffrong,  which  when 
the  Atmofphere’s  Preffure  above  is  removed,  will 
throw  the  Sides  outwards.  To  preferve  the  Re¬ 
ceiver 


Natural  Artificial.  217 

ceiver  whereupon  from  Damage,  a  fmall  wire  Cage 
is  commonly  put  over  it,  as  in  Fig.  ij.  Plate  8, 

The  following  is  an  entertaining  Experi¬ 
ment  made  on  the  alternate  Contraction  and 
Expanfion  of  the  Air.  This  was  before  hinted 
in  the  Hydrojlaticks^  Page  1 1 8.  and  is  here  re- 
prefented  Plate  8,  Fig.  18.  Take  a  fmall  glafs 
hollow  Image,  that  will  fwim  in  W ater,  hav^ 
ing  a  Hole  made  into  the  Cavity  at  F oot.  Put 
it  into  a  Jar  of  Water,  under  a  Receiver.  Ex- 
hauft  Part  of  the  Air,  and  on  admitting  it  Eid- 
denly  again,  Water  will  be  thereby  prefied  into 
the  Cavity,  and  filling  it  in  good  Meafure,  will 
make  it  probably  fpecifically  heavier  than  an 
equal  Bulk  of  Water ;  then  ’tv/ill  fink.  This 
done,  attenuate  the  Air  in  the  Receiver  a  fe- 
cond  Time ;  upon  which  the  Air  remaining  in 
the  Body  of  the  Image,  will  by  dilating  pufh 
forth  a  Part  of  the  Water,  caufing  it  to  emerge. 
And  thus  may  it  be  made  to  rife  or  fink  in 
that  Fluid,  as  often  as  the  Experiment  is  re¬ 
peated,  as  at  the  Word  of  Command. 

The  Ufe  of  the  Air-velfels  in  Fifh  is  fome- 
thing  of  the  Way  of  the  prefent  Experiment. 
The  Fins  of  thefe  Creatures  are  not  alone  a- 
ble  to  give  them  a  due  Command  of  Motion 
in  all  Depths  of  Water  5  they  have  therefore 
a  Bladder  of  Air  within  them,  fo  difpofed,  that 
by  contracting  or  dilating  thereof  by  the  Power 
of  their  Mufcles,  a-ffifted  by  the  Prefliire  from 
without,  they  can  at  all  Times  fink  into  the 
Deep,  or  rife  to  the  Surface  of  the  Water, 

with 
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with  great  Readinefs  and  Eafe.  But  when  an 
Animal  of  this  fort  comes  in  a  Jar  of  Water 
to  be  h  Vacuo,  the  Air  in  the  V eflel  beforefaid 
will  fo  expand,  as  to  keep  him  wholly  above 
Water,  whether  he  will  or  not,  to  his  great  Pain 
and  Inconvenience, 

For  the  fame  Reafon,  a  Piece  of  foak’d 
Spunge,  when  firft  put  into  Water,  will  per¬ 
haps  fwim  only  near  the  Surface  ;  but  when 
the  Air,  on  exhaufting,  has  freed  itfelf  from 
many  of  the  fmall  Veficles  which  it  before 
poffeffed,  and  of  which  that  Plant  is  full; 
and  when,  by  a  fudden  Re-admiffion  of  the 
Air  into  the' Receiver,  Water  is  forced  into 
them  inftead,  ’twill  then  probably  link :  But 
on  repeating  the  Exhauflion,  it  will  agaip  rife; 
unlefs  there  ihall  be  no  Air  remaining  in  thofe 
Cells,  to  expand  and  make  it  once  more  fpecifi- 
cally  lighter  than  an  equal  Bulk  of  Water, 

For  a  like  Reafon,  Timber  dug  out  of 
Bogs  and  other  moift  Places  will  feldom  fwim 
in  Water;  the  Particles  whereof  having^  by 
various  Accidents,  in  a  great  Length  of  Time, 
wholly  dillodged  the  Air  from  the  Vacuities  of 
the  Wood.  Whence  it  alfo  appears,  that  even 
Wood  itfelf  is  no  otherwife  comparatively  lighter 
than  Water,  than  as  it  has  many  Pores  filled  with 
Air,  which  is  a  Body  many  times  lighter. 

There  is  a  fmall  Quantity  of  Air  common¬ 
ly  inclofed  at  the  bigger  End  of  an  Egg,  be¬ 
tween  the  Duplicature^of  the  Film  that  lines  it, 
which  being;  dilated  by  the  Warmth  of  the 
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Hen  fitting,  generally  preffes  the  Contents,  and 
fo  contributes  to  the  Forrnation  and  Produdlion 
of  the  Chicken.  This  little  Portion  of  Air, 
on  opening  the  fmaller  End  of  the  Shell, 
turning  it  down  into  a  Jelly-glafs,  and  exhauft- 
ing  the  outward  Air,  will  not  only  expand  fo 
as  to  feparate  the  faid  Membrane  from  the 
Shell,  to  which  it  ufually  adheres,  but  will 
even  thruft  both  .White  and  Yolk  quite  thro’  the 
Hole  into  the  Glafsj  which  on  re-admitting 
of  the  Air  into  the  Receiver,  will  thence  be  made 
to  retire,  being  forced  by  its  Weight  again  into 
the  Shell.  The  Expanlion  of  this  included  Air 
will  ftill  be  more  evident,  if  half  the  Shell  be 
cut  away,  the  Contents  removed,  and  the  Ex¬ 
periment  repeated. 

Before  this  Subject  is  difmilTed,  the  De- 
fcription  of  Herd&  Fountain,  playing  by  the 
Spring  of  Air  condenfed  by  Means  of  a  Stream 
of  refluent  Water,  will,  ’tis  hoped,  not  be  un¬ 
acceptable.  Fig.  I.  Plate  9.  reprefcnts  a  tin 
Machine,  conlilling  of  two  equal  Veflels  A 
and  B,  both  Air-tight,  and  communicating  by 
the  fide  Pipe,  marked  C.  The  Velfel  B  has  a 
Pipe  leading  from  the  upper  Bafon  of  the  Ma¬ 
chine  £,  into  which  the  Jet  falls,  quite  thro’ 
A^  and  reaching  nearly  to  the  Bottom  of  B. 
By  Water  poured  in  at  E,  as  the  Air  has  leave 
freely  to  efcape  thro’  the  Opening  at  F,  B  may 
thereby  be  charged  half  full,  or  more ;  which  up¬ 
on  turning  the  Machine,  will  defcend  thro’  C, 
and  charge  A  in  the  like  Manner.  The  Pipe  C, 
continued  nearly  to  the  Top,  will  alfo  pre¬ 
vent 
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vent  the  Return  of  the  Water  when  the  Ma-^ 
chine  is  fet  again  on  its  Bafis,  This  done,  A 
will  be  charged  with  part  Water,,  part  Air,  and 
B  will  contain  Air-  only.  Then  on  pouring  as 
much  Water  again  in  at  E,  as  will  fill  the  Tube ; 
and  the  Weight  of  the  Water  contain’d  between 
£  and  £,  endeavouring  to  force  its  Way  into  E 
the  Air  both  in  A  and  B,  as  they  communicate, 
will  be  condenfed  in  a  certain  Degree,  and  this 
prelling  the  Surface  of  the  Fluid  in  E,  the  Jet 
will  begin  to  play  above  thro’  F,  with  a  Force 
equal  to  the  Difference  of  the  Refiflance  of  the 
common  Air,  into  which  it  rifes,  and  the  Pu£h 
of  the  denfer  Air  in  the  Machine  inclofed.  And 
this  Caufe  being  all  along  uniformly  continued 
by  the  conftant  defcending  of  the  Jet-water  at 
£,  the  Eifedt  will  not  ceafe,  till  A  iliall  have 
parted  with  moll  of  its  Water,  and  then  the 
condenfed  Air  will  follow  it  likewife  thro’  the 
Jetting-pipe  E,  as  in  a  Blaft. 


H'he  Manner  of  Cupping. 

That  there  is  a  Quantity  of  Air  con¬ 
tained  in  the  Flefh  and  Humours  of 
the  Body,  will  alfo  appear  in  part  from  the 
Protuberance  immediately  riling  on  the  Dif- 
charge  of  part  of  the  Atmofphere’s  Weight  in 
Cupping.  In  doing  whereof,  the  Operator  gene¬ 
rally  takes  a  fmall  Glafs  clofe  at  Top,  and  holding 
it  a  little  over  the  Flame  of  a  Lamp,  the  Air  be¬ 
ing  heated,  its  Elafticity  is  thereby  increafed, 
and  a  Part  of  it  is  accordingly  thruft  out.  The 
Glafs  being  fuddenly  then  clapped  on  the  Part 

to 
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to  be  cupped,  the  inward  Air  in  coding  con- 
denfes  and  contrads,  and  the  Glafs  coniequently 
adheres  to  the  Flefh  in  Proportion  to  the  Dif¬ 
ference  of  the  Preflijres  of  the  interna]  and  ex¬ 
ternal  Air.  The  Protuberance  of  the  Flelh 
becomes  hereupon  prettv  confiderablc  within 
the  Glafs,  for  two  Reafons  ;  One,  horn  the 
Preflure  of  the  external  Air,  which  endeavours 
to  thruft  as  much  of  that  yielding  Subftance  into 
the  Glafs  as  it  can  ;  and  the  other  from  the  Ex- 
panfion  of  the  Air  contained  in  the  Fluids  and 
Flefh,  which  caufes  it  to  rife  undoubtedly  fome- 
what  higher  therein  than  it  would  otherwife  have 
done.  The  Glafs  being  removed,  the  Part  is  im¬ 
mediately  to  be  wounded  by  a  Scarificator,  which 
is  a  kind  of  Lancet  with  many  Points,  and  then 
the  Glafs  being  a  fecond.  Time  heated,  and  ap¬ 
plied  thereon  as  before.  Blood  and  Serofities  from 
the  fame  Caufe,  are  forced  from  the  wounded 
Vefiels  into  the  Glafs  j  and  when  one  has  done 
its  Office,  and  drawn  fufficient,  another  is  ap- 
ply’d,  till  the  intended  Q^ntity  be  taken. 

^If  inftead  of  putting  the  Glafs,  when  warm¬ 
ed,  on  the  Flefli,  it  be  put  for  Experiment’s 
fake  into  a  Plate  of  Water,  the  immediate 
Rife  of  the  grolTer  Fluid  into  the  Machine, 
will  precifely  fliew  to  what  Degree  the  Air 
therein  was  rarified  by  the  Flame ;  this  always 
pretty  much  depending  upon  the  Dexterity  of 
the  Performer. 

The  beft  Way  of  Cupping  is  by  the  ex- 
haufiing  Syringe^  tho’  the  generality  of  Opera¬ 
tors 
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tors  do  not  as  yet  chufe  it*  By  Flame,  the  Ait 
of  a  Cupping-glafs  cannot  be  well  rarified  more 
than  one  half.  By  the  Syringe,  a  very  few  Strokes 
will  nearly  exhauft  in  The  Difference  of  the 
Preffure  in  both  Cafes  mufl  be  very  confide- 
rabfei  If  the  Cupping-glafs  be  two  Inches  o- 
ver,  it  has  been  proved.  Page  170.  that  the 
Prefllire  from  without  may  in  the  firfl  Cafe 
be  perhaps  twenty  Pounds ;  in  the  fecond,  it 
may  fometimes  exceed  forty.  The  Blood-vef- 
fels  in  the  Flefh  may  be  able  to  fuftain  the  firft 
Preffure  pretty  well,  but  will  certainly  be  clofed 
under  the  latter,  by  which  the  Efflux  of  the  iffu- 
ing  Fluids  muft  needs  be  flopped.  One  Stroke 
on  the  Syringe,  perhaps  half  a  one,  may  produce 
the  intended  Effed;  in  this  Operation ;  and  two 
or  three  may  defeat  it,  for  want  of  Judg¬ 
ment. 

On  the  Rise  of  the  Sap  in  Plants. 

FR.  U I T  S  alfo  contain  a  great  deal  of  Air, 
as  may  be  demon  flra ted  by  placing  a 
Ihrivelled  Apple  under  an  exhaufled  Receiver, 
which  will  thereupon  immediately  become  fine 
and  plump  j  and  if  the  F ruit  be  over-mellow, 
the  Skin  will  probably  burft,  and  Part  of  the 
Pulp  will  be  puflred  forth  in  Froth. 

The  Air  contained  in  Fruits  doth  not  a  lit¬ 
tle  contribute  to  their  Growth,  Perfedlion  and 
Maturity,  as  will  appear  from  confidering  the 
Manner  in  which  the  Progreffion  of  the  ve¬ 
getable  Fluid  is  effcdled.  If 
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If  we  take  a  fmall  glafs  Bolt-head^  heat 
the  Bole  of  it  at  the  Candle,  and  put  the 
End  of  the  Stem  immediately  into  Water  ;  that 
Fluid,  on  the  cooling  of  the  Machine,  will  be 
made  vifibly  to  rife  up  the  Stem  into  the  Head, 
on  the  Condenfation  of  the  Air  before  expanded 
by  the  Heat. 

This  Experiment  will  in  fome  fort  inti¬ 
mate  to  us  the  Progrefs  and  Rife  of  the  vege¬ 
tative  Sap,  with  the  Caufe  of  fuch  Rife.  The 
Head  of  the  Machine  reprefents  the  extreme 
and  tender  Parts  of  the  Plant  5  the  included 
denfe  Air,  the  Fluids  lodged  in  thole  Extre¬ 
mities,  and  in  general,  thofe  contained  in  the 
Cells  of  the  whole  T ree.  The  Heat  apply’d, 
denotes  that  of  the  Sun  in  the  Day-time,  which 
not  only  immediately  afts  upon  and  attenuates 
the  Vifcidities  of  the  Sap,  but  alfo  ferves  to  di¬ 
late  and  enlarge  the  Cavities  of  the  Plant,  which 
makes  it  enlarge  and  flioot.  The  Liquor  riling  in 
the  Stem  of  the  Glafs,  lignifies  that  of  the  Juices 
imbibed  from  the  Earth  by  the  Fibres  of  the 
Root  j  whence  they  pafs  by  fmall  Canals  up 
the  Body  of  the  Tree,  forwarded  probably  allb 
by  the  Attraction  of  Cohelion  within,  as  well 
as  |by  the  PrelTure  of  the  Atmolphere  without, 
elpecially  when  the  Fluids  come  to  dirink  and  be 
again  condenled  in  the  more  tender  Parts  of  the 
Plant,  by  the  fucceeding  Cold  of  the  Night. 
Whence  it  happens,  that  Plants  which  towards 
Evening,  being  exhaufted  of  their  Juices  by  a 
too  vigorous  Perfpiration  in  a  hot  and  fultry 

Day, 
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Day,  feem  to  languifli  and  droop,  but  dur¬ 
ing  the  Night  they  recover,  and  again  hold 
up  their  Heads  without  being  watered  at  all. 

What  greatly  contributes  alfo  to  the  Mo¬ 
tions  of  the  vegetative  Sap,  is  the  great  Mix¬ 
ture  there  doubtlefs  is  of  Air  in  mod  of  the 
groffer  P'luids,  which  in  the  exhaufted  Receiver 
will  vifibly  arife  out  of  them  like  Steam,  and  get 
away ;  as  may  at  any  time  be  try’d  on  White- 
wine,  or  indeed  any  tranfparent  Liquors  that  have 
undergone  any  Degree  of  Fermentation.  Thefe 
are  always  replete  with  Air.  Small-beer  in 
particular  is  very  much  fo ;  the  Particles  where¬ 
of  in  Vacuo  evolve  themfelves  and  get  away, 
notwithftanding  the  Vifcidity  of  that  Liquor, 
very  notably.  It  may  be  obferved  alfo,  that  all 
Liquors  by  this  kind  of  Operation  become 
vapid  and  dead. 

It  may  be  farther  remarked,  that  the  Bub^ 
bles  compoling  the  Froth  produced  by  thefe 
Experiments,  always  throw  themfelves  into  the 
Form  of  an  hexangular  Solid,  which  is  the 
only  Polygon  whofe  Sides  would  every  where 
meet  fo  as  to  leave  no  Vacuities  between.  The 
tubular  Cells,  made  by  the  Bees  in  forming 
their  Combs,  are  conftantly  of  this  Shape. 
Thro’  Dud:s  of  this  kind,  thofe  Animals  can 
pafs  with  more  Convenience  and  Freedom  than 
if  they  had  been  either  fquare  or  triangular  j 
and  had  they  been  of  any  other  Form,  they 
would  have  been  incom-paft,  and  lefs  agreeable 
to  the  Sagacity  and  Contrivance  of  thofe  cu¬ 
rious  and  fedulous  little  Creatures.  Wa- 
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Water,  even  when  cold,  will  vifibly  yield 
a  good  Quantity  of  Air,  when  the  Atmofphere 
ceafes  to  prefs  on  its  Surface  with  all  its  Weight : 
But  whenever  the  Spring  of  the  incorporated 
Air  fhall  be  heightened  by  any  Degree  of 
Heat,  it  will  appear  to  boil  in  the  exhaufted 
Receiver,  and  that  fo  fmartly,  as  fometimes  to 
make  it  flafli  over  the  Cup. 

It  may  in  making  this  Experiment  be  ob- 
ferved,  that  in  this  Ebullition  of  the  hot  Water, 
Part  of  the  Heat  will  leave  the  Water,  and  be 
communicated  to  the  Receiver :  Whence  it 
will  appear,  that  Heat  and  Cold  are  not  con¬ 
veyed  to  Bodies  by  the  means  of  the  Air. 
Befides,,  it  is  found  on  Experience,  that  Heat 
is  propagated  thro’  a  Vacuum  with  the  fame 
Eafe,  and  in  the  fame  Manner,  as  thro’  the 
Air :  For  if  a  Thermometer  be  fufpended  in 
vacuo ^  it  will  undergo  precifely  the  fame  Va¬ 
riations  with  one  hung  near  it  in  the  open 


Air. 


On  the  Thermometer. 


IT H OUT  entering  upon  the  Nature 


of  thofe  primary  Qualities  of  Bodies, 


Heat  and  Cold,  Points  very  much  controvert¬ 
ed  among  the  Learned,  we  for  certain  know, 
that  ’tis  the  Property  of  Heat  to  dilate,  and 
of  Cold  to  contrad:,  all  natural  Bodies  what¬ 


ever. 
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Th  AT  they  have  this  Effed  upon  the  mofl: 
rigid,  as  Metals,  &c.  appears  from  the  com¬ 
mon  Experiment,  of  exadfly  taking  the  Length 
of  a  Bar  of  Iron  cold,  as  between  the  two 
Cheeks  of  a  Lathe ;  heat  it  a  little  and  it  will 
be  fo  expanded  in  Length,  and  proportionably 
in  Breadth,  that  it  will  evidently  exceed  the 
former  Meafure.  And  that  thefe  Accidents 
produce  the  fame  Effedl  on  fluid  Bodies,  was 
before  fully  proved  by  the  Experiments  made 
on  the  hydroftatical  Balance,  mentioned  Page 
133.  The  flnking  of  the  Water-poife  deeper  in 
all  Liquors  that  are  warm,  in  general  fhews 
them  to  be  dilated,  from  their  being  in  that 
CircumLiflance  lefs  buoyant  than  when  condenf- 
ed  by  Cold. 

And  that  Heat  and  Cold  will  adt  on  the 
Air  in  like  manner,  will  appear  on  filling  a 
Phial  one  fourth  Part  with  Water,  fuppofe,  or 
Mercury.  Then  fcrewing  a  Tube  of  fome 
Length  into  the  Neck,  reaching  nearly  to  the  Bot¬ 
tom,  as  A  B,  Fig.  2.  Plate  9.  Blow  a  little 
Air  thro’  the  Tube,  which  will  lodge  in  the  up¬ 
per  Part  of  the  Phial ;  the  Spring  whereof  vrill 
caufe  the  grofler  Fluid  to  rife,  fuppofe  to  C. 
Immerfe  the  Machine  in  cold  Water,  and  the 
Air  in  the  Phial  will  immediately  contradl, 
fhewn  by  the  Defcent  of  the  Fluid  from  G 
perhaps  to  Z).  Take  it  again  out  of  the  Wa¬ 
ter,  and  lay  a  warm  Hand  on  the  Bottle,  it 
Wall  foon  dilate,  and  pufla  the  Fluid  up  the 
Stem,  perchance  to  E. 

Ip 
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If  a  Flafk  of  Water,  filled  to  half  the 
Neck,  be  however  immediately  fet  on  the  Fire^ 
the  Fluid  will  at  the  very  firfi:  feem  to  fink 
therein,  occafioned  probably  by  the  Expanfion 
of  the  Glafs  being  thin,  and  the  Enlargement 
of  its  Capacity  by  the  hidden  Heat  5  but  in  a 
very  little  .  Time  it  will  rife  again,  and  con¬ 
tinue  fo  to  do,  by  the  ordinary  Action  of  the 
Heat  applied.  But  if  a  few  Drops  of  Oil  of 
Vitriol  be  put  into  fuch  a  Flafk,  the  Parts  of 
the  Fluid  will  be  confiridled  thereby,  and  as  it 
were  condenfed,  fiiewn  by  the  finking  of  the 
Fluid  in  the  Neck  of  the  Glafs,  as  it  really 
thence  becomes  more  cold. 

It  may  here  be  obferved  by  the  by,  that 
in  thin  Glafles  Water  may  be  boiled  with  great 
Eafe,  and  without  Damage  to  the  Glalsj 
whereas  thofe  that  are  thick  mofi:  commonly  fly. 
In  fuch  the  two  Surfaces  are  necelTarily  at  fome 
Diftance ;  and  the  outer  Parts  being  dilated  when 
fet  on  the  Fire,  before  the  Heat  can  poflibly  have 
penetrated  to  and  afiedled  the  inner,  two  power¬ 
ful  Forces  pulling  different  Ways  are  conftituted 
thereby,  which  foon  demolifh  the  Glafs  or  o- 
ther  brittle  Bodies  on  which  the  Experiment 
fhall  be  made :  Whereas  both  the  inner  and 
outer  Surface  of  fuch  Bodies  as  are  thin,  lie 
fo  very  near  each  other,  that  they,  being  heated 
and  cooled  much  at  the  fame  Time,  are  there¬ 
fore  preferved. 


Our  Organs  of  Senfation  being  in  a  State 

of 
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of  conftant  Mutability,  are  very  unfit  to  dired 
us  in  giving  a  pofitive  Judgment  of  the  De¬ 
grees  of  Heat  or  Cold  in  any  Medium }  for 
the  Breath,  which  in  the  Summer  feems  cool 
to  the  Flefh,  in  Winter  appears  to  it  warm  : 
And  if  we  put  a  very  warm  Hand  into  Wa¬ 
ter  moderately  heated,  and  afterwards  a  cold 
Hand  into  the  fame,  it  will  appear  warm  to 
this,  but  cold  to  that.  But  in  this  Matter  the 
Thermometer  will  moft  certainly  affift  us. 

The  Machine  moftly  in  Ufe  for  this  Pur- 
pofe,  was  invented  by  the  Florentine  Acade¬ 
my  "del  Cimento,  and  is  ordinarily  a  fmall  thin 
glafs  Ball,  having  a  long  hollow  narrow  Stern. 
The  Air  being  thence  extruded  by  Heat,  ’tis 
filled  to  a  certain  Height  and  Degree,  accord¬ 
ing  to  the  then  Temper  of  the  Air  at  that 
Time,  with  coloured  Spirit  of  Wine,  Qmck- 
filver,  or  Linfeed  Oil ;  Fluids  not  fubjed  to 
freezL  This  done,  the  upper  Part  of  the  Tube 
is  by  a  Lamp  fealed  up  with  fome  com¬ 
mon 'Air  unavoidably  left  in  it,  and  by  the  Heat 
of  the  Lamp  fomewhat  rarefied.  This  on  Oc- 
cafion  will  probably  affift  the  Motion  of  the 
fluid  Column,  that  is,  hinder  it  from  dividing 
in  the  Tube,  when  the  Body  of  the  Spirits 
come  to  contrad ;  upon  which,  otherwife  a  Part 
of  it  might  be  apt  to  hang  by  the  W^ry,  and  ne¬ 
ver  regularly  again  move  with  the  reft  (the  Tube 
being  commonly  fmall,  and  the  Attradion  of 
Cohefion  between  that  and  the  Spirit  therefore 
pretty  ftrong)  as  is  often  done,  it  may  be  obferv’d, 
in  fuch  Thermometers  as  from  whofe  vacant 
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Part  the  Air  is  pretty  well  extricated.  In  which 
Cafe  there  is  no  better  Way  of  uniting  the  Spirits 
fo  divided,  than  by  tying  the  Thermometer  on  a 
Board,  and  whirling  it  briflcly  about  at  the  End 
of  a  String  ;  the  centrifugal  Force  of  which  will 
probably  bring  the  disjoined  Parts  again  to  move 
and  aft  together. 

Air  included,  will,  on  the  dilating  of  the 
Spirits,  indeed  ber  a  little  condenfed  in  thefe  Ma¬ 
chines  ;  and  therefore  the  curious  Artift  ufually 
makes  an  Allowance  for  it,  by  placing  the 
Divifions  of  the  Scale  at  different  Diftances, 
For  by  the  upper  Part  of  a  Scale,  equally  di¬ 
vided,  it  might  indeed  be  difcovered,  that  the 
Heat  of  the  Medium  was  increafed;  but  it 
wouldbe  difficult  from  it  to  judge  how  much. 

The  original  Air-thermometer  had  a  Tube 
unfealed  at  Top,  which  tho’  it  might  ferve 
the  prefent  Occafion  tolerably  well,  in  afcer- 
taining  how  much  the  Heat  of  the  Hand  or 
any  Liquor  into  which  it  might  be  put,  ex¬ 
ceeded  that  of  the  Air ;  yet  would  it  but  un¬ 
certainly  determine  the  Degree  of  Heat  in  the 
Air  in  general :  Becaufe,  being  expofed  to  the 
Atmofphere,  it  would  alfo  be  affefted  by  its 
Preffure,  and  of  confcquence  rife  fometimes  too 
much,  fometimes  not  enough  j  it  is  therefore  at 
prefent  not  in  Ufe. 

This  leads  me  however  to  defcribe  a  very 
ufeful  Machine,  contrived  by  Dr.  Hook, 
called  from  its  Ufe,  the  Marine  Barometer^ 

'  '  0^3  con- 
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confifting  entirely  of  two  Thermometers  of 
equal  Length,  thirty  Inches  apiece  perhaps, 
fixed  in  the  fame  Frame  fide  by  fide,  as  Fig, 
3.  Plate  9.  One  of  which  was  exadlly  the  Ther¬ 
mometer  now  in  Ufe ;  the  other  differed  from  it 
only  in  having  an  Opening  at  D,  whereby  it  was 
expofed  at  Foot  to  be  afled  on  by  the  Gravity 
of  the  Air,  as  well  as  affedred  by  its  Temperature 
with  regard  to  Heat  and  Cold.  Let  us  fuppofe 
thefe  two  Machines  put  together  and  fill¬ 
ed,  w'hen  as  to  each  of  thefe  Circumflances 
the  Air  was  in  a  middle  Way ;  that  is,  the 
Weather  about  Changeable^  the  Air  at  ’Tem¬ 
perate^  and  let  them  be  fitted  up  with  pro¬ 
per  Scales  and  Indices  thus  diflinguifhed.  If 
then  the  PrefTure  of  the  Air  happened  to  be 
augmented,  and  its  Temper  not  altered,  the 
Confequence  was,  that  the  Liquor  rofe  in  5, 
as  fuppofe  to  E ;  but  kept  ffationary  in  A. 
This  intimated  the  Air  to  be  more  ponde¬ 
rous,  and  confequently  that  Fair  Weather 
mighty  be  then  expected.  Whereas  had  the 
Thermometer  A  rifen  by  an  Increafe  of  Heat 
in  a  like  Degree,  as  fuppofe  to  e,  it  would 
have  indicated  the  Weather  indeed  to  be  warm¬ 
er,  but  in  the  felf-fame  Difpolition  with  regard 
to  Weight,  as  when  the  Inflrument  was  firfi: 
adjuffed :  And  had  they  funk  in  the  fame  De¬ 
gree,  as  to  G^,  juft  the  contrary.  Thefe  Al¬ 
terations  were  eafily  to  be  obferved  thereon,  by 
help  of  a  Aiding  Index  fixed  to  a  Wire,  as  L/, 

The  unavoidable  Wafting  of  the  Spirits,  thus 
expofed  to  the  Air  at  D,  efpecially  in  hot  Coun¬ 
tries,, 
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tries,  was  an  Inconvenience  that  the  late  Mr- 
Patrick  removed,  by  fubftituting  Qmckiilver 
in  the  Room.  His  Method  was  this :  A,  Fig, 
4.  PiaU  9.  is  a  glafs  Veffel,  capable  of  hold¬ 
ing  a  certain  Qi^ntity  of  Air.  B,  in  the  in¬ 
verted  Neck,  is  a  fmali  Ciftern  of  Mercury, 
covered  toward  the  Glafs  with  a  porous  and 
light  kind  of  Wood,  to  keep  it  from  fliogging 
to  and  fro  in  Carriage,  thro’  which  however  the 
Spring  of  the  Air  Included  in  A  might  at  all  times 
eafily  aft,  and  by  its  Spring  prefs  on  the  Surface 
of  the  Mercmy.  Thefe  in  his  Machine  ordinarily 
lie  out  of  Sight!  but  the  recurv’d  Tube  EF, 
communicating  with  B,  and  thro’  which  it  may 
be  eafily  filled  with  Mercury  to  the  Level  B  I), 
where  indeed  the  graduated  Scale  ought  to  be¬ 
gin,  is  produced  to  View,  and  is  denoted  in 
the  Draught  by  the  Letter  E,  Fig.  5.  Plate  9. 
which  is  a  Draught  of  theinftrument  connefted 
and  put  together.  FI  is  the  Stem  of  a  common 
Thermometer,  appearing  alfo  to  Siglit  5  the  Ball 
and  upper  Part  whereof  are  bent  backward  and 
difpofed  of  within.  G  and  Ai  are  two  fixed 
Scales  unequally  divided,  both  marked  with 
the  Diftinftions  and  Terms  of  the  Thermo¬ 
meter  only.  I  and  L  are  two  Aiding  Scales, 
properly  divided,  marked  like  the  Barometer 
exaflly,  with  the  Indications  of  the  Weather, 
and  the  ordinary  Divifions,  viz.  Inches  and 
Decimal  Parts,  from  twenty  eight  to  thirty  one  j 
between  which,  as  has  been  faid,  the  Mercury 
in  the  common  Barometer  ufually  Hands. 
Thefe  belong,  as  the  fixed  Scales  do,  to  either 
Tube  one. 

Oj- 
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Now  if  thefe  Machines  be  put  together, 
when  the  Air  is  in  a  middle  State  with  re¬ 
gard  both  to  Heat  and  Weight,  the  tinged 
Spirit  in  H  will  of  itfelf  naturally  ftand  againft 
Temperate  on  K.  And  by  blowing  or  forcing 
Air  into  thro’  the  Body  of  the  Mercury,  by 
the  Aperture  at  £,  the  Spring  thereof  may  be 
fo  incieafed,  as  to  throw -the  Mercury  from  the 
Level  5D,  Fig.  4.  to  the  fame  Height  on  7, 
as  the  Spirit  ftands  on  K.  Things  thus  ad- 
jufted,  Ihould  both  Machines  then  rife  or  fall 
equally,  ’twill  only  indicate  a  Change  in  the 
’Lemper  of  the  Air  as  before  :  If  unequally,  it 
will  hgnify,  that  an  Alteration  in  Point  of 
Weight  has  alfo  happened  therein,  the  De¬ 
gree  of  which  is  by  this  Inflrument  to  be  rea¬ 
dily  difcovered,  thus : 

\ 

Slide  the  moveable  Scale  on  the  Side  con¬ 
trary  to  that  on  which  you  begin  your  Ob- 
fervation,  till  the  Index  thereof  points  out  on 
its  correfponding  fixed  Scale,  the  felf-fame  Di- 
vifion  as  that  againft  which  the  Sedlion  of  the 
Fluid  on  the  Part  of  the  InftruiDent  firft  ob- 
ferved  happens  then  to  ftand  :  Upon  which  the 
Seflion  of  the  Fluid  on  the  Side  thus  adjufted, 
will  point  out  the  Inch  and  decimal  Part,  marked 
on  the  Scale  laft  moved,  at  which  the  Mercu¬ 
ry  in  the  common  Barometer  fhall  then  ftand. 
An  Example  may  render  this  familiar.  The 
Mercury,  for  Inftance,  in  £  ftands,  let  us  fup- 
pofe  againft  forty,  on  G.  Let  L  then  be 
moved  till  the  Index  thereof  points  likewife 
at  forty  on  K  •,  when  the  Section  of  the  Spirit 

will. 
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will,  on  its  moveable  Scale  L,  indicate  what 
Weather  may  be  expedled,  with  the  Inches  and 
decimal  Parts,  at  which  the  Mercury  then  ftands 
in  the  Toricellian  Tube  j  and  thus  vice  verfa. 

As  the  Obfervation  may  at  any  time  be 
taken  on  either  Side  of  thefe  combined  Ther¬ 
mometers  indifferently,  they  will  always  cer¬ 
tainly  agree  as  to  the  Weather ;  But  with  re¬ 
gard  to  the  Temper  of  the  Air,  that  will  ea- 
fily  be  known  by  Inlpedlion,  from  the  Spirit- 
fide  of  the  Inftrument  alone.  This  Machine 
is  ordinarily  about  a  Foot  long,  is  very  manage¬ 
able,  eafily  carried,  and  equally  ufeful  either 
by  Land  or  Sea. 

According  to  the  Improvement  lafl  men¬ 
tioned,  and  contrary  to  the  Ufage  of  all  o- 
ther  Barometers,  the  Mercury  finks  in  token 
of  Fine  Weather,  and  rifes  on  the  Approach 
of  Foul :  Becaufe  the  Air’s  Preffure  coming  on 
it  from  above,  the  Tube  /  being  open  at  Top, 
the  Air  included  in  the  Veflel  Fig.  4.  Plate  9. 
beforemention’d,  is  either  therein  comprelied  on 
the  Acceffion  of  new  Water,  or  dilated  on  the 
Abatement  thereof ;  and  this  will  be  evidently 
fhewn  by  the  Rife  or  Fall  of  the  Mercury  in 
whenever  it  fhall  happen. 

The  Scales  of  this  Inftrument are  larger  con- 
fiderably,  and  the  Divifions  more  diftindt,  than 
thofe  of  the  common  Barometer  j  fince  the  Tem¬ 
per  as  well  as  the  Weight  of  the  Air  are  concern’d 
in  its  Performance.  Dr.  Ha  l  l  e  y  had  one  of 

them 


234  The  Motion  of 

them  with  him  in  his  South-Sea  Yoyage.  He 
gives  it  a  good  Charadter,  and  fays,  he  met 
with  no  Storm  which  was  not  evidently  fore- 
ihewn  by  it. 

On  the  H  Y  G  R  o  m  e  t  e  r. 

s 

This  Inftrument  Ihews  the  Difpofitlon 
of  the  Air  as  to  Moifture  and  Drynefs, 
and  may  be  of  good  Ufe  in  judging  v/hen  it 
may  be  proper  to  air  Rooms  for  the  fake  of 
the  Furniture,  and  may  be  very  ealily  made 
feveral  Ways. 

First,  either  by  fufpen ding  a  little  VvYight 
at  the  End  of  a  v/eli-twifted  elaflic  String,  fup- 
pofe  a  Whip-cord  j  or  elfe  by  fixing  fuch  a  W eight 
in  the  middle  of  fuch  a  String,  horizonially 
hung  loofely  over  a  couple  of  Tacks.  The  Moi¬ 
fture  in  the  Air  will  generally  contradt  the 
Cord,  and  raife  the  Weight  j  and  in  a  dry 
Seafon  it  will  naturally  lengthen  and  lower  it. 
The  Weight  in  this  Cafe  may  ferve  as  an  In¬ 
dex,  and  a  few  Marks  made  on  a  perpendi¬ 
cular  Scale,  will  fhew  the  Variations  of  the 
Air  in  thefe  Particulars  very  fenfibly.  The 
Effedts  of  which  may  in  a  little  Time  be  dif- 
covered,  by  taking  it,  if  portable,  into  a  damp 
Vault,  and  afterwards  fetting  it  near  a  Fire. 

The  twiflcd  Bc9.rd  of  3,  wild  Oatg  with  3. 

fmall  Index  fixed  to  it,  and  a  circular  Scale, 

will  make  an  excellent  Hygrometer :  For  it 

will  move  by  the  Humidity  of  the  Breath, 

"  while 
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while  you  look  at  it,  unlefs  particular  Care 
be  taken  to  prevent  it. 

Cat-Gut  will  alfo  ferve  this  Purpofe  very 
well,  as  may  be  obferved  by  the  coming  forth 
of  the  Man  or  his  Lady,  depending  on  fuch 
a  String,  from  the  Dutch  Toy,  called  the 
Weather-houfe,  now  well  known  h&XQin  England, 

When  the  Air  is  moift,  the  Particles  of 
Water  floating  abundantly  therein  fix  on  all 
Bodies  expofed  thereto ;  they  enter  the  Pores 
of  fuch  as  are  of  loofe  and  open  Texture,  and 
conlequently  dilate  and  Iwell  them  very  much. 
Hence  wooden  Doors,  Drawers,  and  the  like, 
are  generally  found  to  flick  in  moifl  Wea¬ 
ther.  If  Wood  be  not  painted,  it  imbibes 
them  as  fafl  as  they  fall :  If  it  be  painted,  it 
fettles  thereon  }  and  in  damp  Weather,  the 
Wainfeoat  flands  on  a  Dew,  and  the  Moif- 
ture  fometimes  gutters  down  in  Drops.  Glafs, 
Marble,  and  other  denfe  Bodies,  of  a  finooth 
Surface,  fhev/  us  this  on  every  Occafion  j  but 
Cordage  and  ttie  laxer  Bodies  admit  them  in¬ 
to  theii  Vacuities  with  Eafe,  and  fo  produce  the 
Effedt  here  propofed. 

That  there  is  a  good  Quantity  of  Water 
in  the  common  Air  at  all  Times,  appears  from  the 
Halo,^  always  feen  in  a  clean  Receiver  while  ex- 
haufling,  if  the  Candle  be  placed  on  the  oppofite 
Side.  The  watery  Particles,  difperfed^Li^^ 
where  more  or  Icfs  throughout  the  whole  Bo¬ 
dy  of  the  Atmofphere,  according  to  the  Dif¬ 
ference 
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ference  of  its  Denfity,  being  intimately  mixed 
therewith,  and  thereby  fuftained,  are  generally 
too  minute  to  be  vifible :  But  when  the  Air 
comes  to  be  attenuated  to  a  certain  Degree, 
they  begin  to  fall,  and  running  precipately  to¬ 
gether,  become  apparent  and  evident  to  Senfe, 
The  whole  Glafs,  on  fuch  an  Occafion,  feems 
filled  with  a  Mift,  and  the  Candle  view’d  thro’ 
it  appears  to  be  encircled  with  a  coloured 
Ring  j  but  when  the  Air  is  wholly  exhaufted, 
thefe  fmall  Drops  being  no  longer  fuftained,  ei¬ 
ther  fall  to  the  Bottom,  or  are  feen  to  fettle  on 
the  Sides  of  the  Glafs  in  a  kind  of  Dew. 

This  will  alfo  farther  appear  from  the  Dew 
that,  in  hot  Weather  efpecially,  feems  collected 
on  the  Outfide  of  a  Glafs,  or  other  fmooth  Veflel, 
upon  the  fudden  pouring  in  of  cold  Water. 
By  the  great  Degree  of  Cold,  the  watery  Par¬ 
ticles  in  the  adjacent  Air  are  at  once  condenf- 
ed  on  the  Surface,  and  become  immediately 
vifible  thereon.  The  like  alfo  is  obferved  to 
happen  in  very  cold  Weather,  from  a  Con- 
denfation  of  the  aqueous  Particles  interfperfed 
in  the  Air  within  a  Room  :  Which,  if  the 
Weather  be  inclined  to  Froft,  will  foon  cruft 
over  the  Glafs  with  Ice;  but  if  it  be  open 
Weather,  they'ordinarily  gutter  down  in  Drops. 

Warm  Air,  it  may  be  obferved,  will  al¬ 
ways  receive,  imbibe  and  difiblve  more  Wa¬ 
ter  than  cold,  in  the  fame  Manner  that  warm 
Water  takes  in  more  Salts  than  will  a  like 

Quantity  cold.  This  appears  to  be  fo,  from 

the 
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the  Moifture  of  the  Breath,  wholly  invifible 
in  Summer-time,  it  being  then  eafily  received 
into  and  incorporated  with  the  warm  Air :  But 
quite  otherwife  in  Winter,  when  being  con- 
denfed,  as  it  proceeds  from  the  Mouth,  by 
the  circumjacent  Cold,  it  is  with  more  Diffi¬ 
culty  received  therein  j  and  therefore  the  Breath 
then  remains  vifible,  after  Expiration,  for  fome 
Time. 

On  the  contrary.  Water,  according  to  Dr. 
Hales,  will  abforb  good  Quantities  of  Air: 
For  if  Water  be  well  boil’d,  and  left  to  cool, 
it  will  be  pretty  well  purged  of  its  Air. 
Take  then  a  glafs  Phial  thereof,  flop  and  in¬ 
vert  it,  leaving  a  Portion  of  Air  of  the  Big- 
nefs  of  a  Hazle-n'ut  fuppofe  thereon ;  in  twen¬ 
ty  four  Hours  time,  this  will  wholly  difappear. 
Put  in  more  Air,  it  will  decreafe  in  more 
Time,  and  at  length  be  wholly  incorporated 
with  the  Water,  increafing  the  Bulk  of  it 
proportionably.  But  when  the  Water  is  well 
impregnated,  and  as  it  were  iaturate  therewith, 
it  will  take  in  no  more. 

0^  the  Origin  and  Progress  of  the 

Winds. 

TH  E  Air  has  been  proved  by  many  Ex¬ 
periments,  to  have  in  it  a  very  fine 
and  lively  Spring ;  whence  it  endeavours,  being 
cither  contradled  or  dilated,  to  return  to  its  na¬ 
tural  Degree  of  Denlity  wherever  it  lhall  be.  But 

as 
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as  a  farther  Inftance  of  this,  we  may  exhaufi 
any  Veffel  of  Part  of  its  Air  j  apply  the  Flame 
of  a  Candle  to  the  Mouth,  and  on  opening  a 
Cock,  the  outward  Air  will  forthwith  rulh  in, 
and  by  the  Motion  of  the  Flame  Ihewitdoes 
fo.  And  again,  if  the  Air  be  condenfed  in  the 
VelTel,  the  included  Air  will  pufh  out,  and 
puff  the  Flame  outwards,  till  the  Degree  of 
its  natural  Denlity  within,  is  juftly  equal  to  that 
of  the  circumjacent  Air  without. 

For  this  Reafon,  the  Air  within  a  Houfe, 
will  always  be  of  the  lame  Weight  and  Force 
with  that  without  ;  fince  it  cannot  but  very 
freely  communicate  therewith  by  the  Win¬ 
dows  and  Outlets.  It  will  therefore  equally 
prefs  on  all  Bodies,  and  will  evidently  raife 
the  barometrical  Mercury  as  much  within 
Doors  as  it  would  abroad.  For  Ihould  the 
Elafticity  of  the  Air  at  any  Time  be  increafed 
by  fome  accidental  Fleat  within  the  Walls,  or 
fhould  the  Air  be  occafionally  condenfed  by  a- 
ny  extraordinary  Degree  of  Cold  without,  a 
juft  Equilibrium  will  ftill  be  maintained  be¬ 
tween  them,  and  the  Barometer  will  be  equally 
affedted,  notwithflanding  thofe  Alterations ;  the 
fame  Quantity  of  Matter  being  in  either  Cafe 
incumbent  thereon. 

The  due  Confideration  of  this  Endeavour 
of  the  Air  to  maintain  an  Equilibrium  in  all  its 
Parts,  will  affift  our  Conceptions  very  much  in 
tracing  out  the  natural  Caufe  of  the  Winds. 
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All  Fluids,  by  the  Laws  of  Hydroftaticks," 
endeavour  to  remain  in  a  State  of  Reft,  and 
by  confequence  immediately  move,  to  make 
good  the  Defedt,  whenever  this  Reft  is  inter¬ 
rupted  :  The  Atmofphere  then  is  naturally  in¬ 
clined  to  maintain  a  peaceful  Situation,  in 
form  of  a  hollow  Sphere  or  Shell,  all  round 
the  Earth ;  but  various  Accidents  often  con- 
fpire  to  difturb  its  Repofe,  and  fometimes 
put  it  into  very  violent  Motions. 

Of  thefe  accidental  Caufes,  none  procure  fo 
conftant  and  certain  Alterations  in  fluid  Bo¬ 
dies,  as  Heat  and  Cold.  It  has  been  already"^ 
hinted,  that  a  Gallon  of  Water  may  be  fb 
dilated  by  .  Heat,  as  to  make  near  fourteen  thou- 
fand  times  that  Quantity  of  Steam ;  and  it  is 
evident  to  every  Eye,  that  in  boiling  only.  Wa¬ 
ter  often  enlarges  its  Dimenfions  very  much. 
A  Gallon  of  W  ater,  over  a  brifle  Fire,  forln- 
ftance,  v/ill  eafily  fill  a  two  Gallon  Veflel, 
and  be  made  even  to  overflow  j  to  which  the 
Air  incorporated  with  the  Water  may  per¬ 
haps  not  a  little  contribute.  Nor  is  there  any 
Room  to  doubt,  but  was  a  Bladder  of  Air 
thruft  into  boiling  Water,  the  Spring  of  it 
would  be  fo  heightened  by  the  fudden  Heat, 
as  to  burft  the  Bladder  immediately. 

J 

Now  as  the  Sun  continually  (bines  on  a 
great  Part  of  the  Earth  and  its  Atmofphere 
every  Day,  his  Beams  heat  and  exhale  Va¬ 
pours  from  the  one,  and  rarefy  and  expand  the 

other. 
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other,  according  to  the  Degrees  of  Heat,  in 
the  •  feveral  Latitudes  of  the  Earth  received. 
Between  the  Tropicks  his  Rays  are  always 
vertical,  ftriking  perpendicularly  on  one  Part 
or  other  of  the  torrid  Zone  continually  ;  of 
confequence  therefore,  the  Air  muft  be  very 
much  heated  and  expanded  there.  In  other 
Climates  the  Heat  of  the  Sun  is  greater  or  lefs, 
according  to  their  Situation  and  the  Obliquity 
of  their  Afpedt  with  regard  to  him ;  and  the 
Rarefadlion  of  the  Air  in  either  Cafe,  is  in  fome 
fort  proportionable  to  the  Degree  of  Heat  to 
which  it  is  expofed. 

From  this  Expanfion  of  the  Air,  Motion 
is  therein  produced,  the  Parts  adjacent  being 
confequently  thruft  thereby  out  of  their  Pla¬ 
ces.  This  is  every  Day  done,  till  the  Sun  has 
paft  the  Meridian ;  when  his  Heat  abating,  the 
Air,  before  heated  and  rarefied  thereby,  comes 
to  be  gradually  condenfed  by  the  fucceeding 
Cold;  and  then,  according  to  the  Nature  of 
Fluids,  the  denfer  and  heavier  croud  again  in¬ 
to  the  Vacuities  made  ;  And  thus  a  Flux  or 
Current  of  Air  is  produced,  or  what  we  call 
a  Wind  rais’d. 

A  Digression  concerning  Faulty 

Chi  MNEYS,  &^C. 

TO  make  this  familiar  by  a  common 

Experiment,  let  us  turn  our  Thoughts 

on  the  Wind-ftove,  which  has  a  Plate  to  flip 

down  before  the  Cavity  of  the  Chimney,  in 

order 
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order  to  contradt  the  Channel,  and  confine  the 
Stream  of  Air,  by  which  the  Fire  is  to  be 
blown  up.  We  know,  that  when  this  Plate  is 
down,  if  the  Fire  be  well  kindled,  the  Air  will 
rufh  thro’  the  Bars  like  a  Torrent,  and  make 
the  Coals  burn  with  great  Vehemence ;  but 
if  the  Fire  be  low,  the  Stream  that  lets  into 
the  Chimney  will  be  fcarcely  perceptible; 

Now  it  is  plain,  that  the  Air  both  in  the 
Room  and  Chimney^  before  any  Fire  Was 
kindled,  might  very  probably  be  in  a  State  of 
abfolute  Reft;  and  did  not  the  Heat  of  the 
Fire  attenuate  the  Air  about  it,  it  would  lb 
continue ;  But  being  expanded  thereby  and  ra¬ 
refied,  it  becomes  lighter  than  the  Air  adjacent, 
and  confequently  emerges,  by  hy droftatick  Laws. 
This  then  mounting  up  the  Chimney  with  the 
Smoke,  the  denfer  Air,  by  its  greater  PreflurCj 
riles  out  of  the  Room  continually,  to  fupply 
the  Vacancy.  And  thus,  for  the  fame  Reafon 
that  blown  Bladders  rife  in  Water,  a  fucceffive 
Flow  of  Air,  or  a  Wind,  by  this  kind  of  Stove 
is  fuccefiively  propagated^ 

By  a  Current  of  Air^  or  a  Wind  of  this  fort 
raifed,  the  Machine  called  the  Smoke-jack  is 
turned.  It  confifts  of  a  circular  Set  of  Vanes,  dif- 
Dofed  like  the  Sails  of  a  good  Wind-mill,  oblique- 
^  y  to  the  Coiufe  of  the  Wind,  in  an  Angle  of 
about  fifty  five  Degrees,  if  made  to  do  their  ut~ 
mofti  Thcfe  are  fixed  into  a  vertical  Shaft  of 
Spindle,  communicating  with  a  little  other  fimpic 
Wheel- work,  coarfe  and  fit  for  the  intended  Pur- 
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pofe  ;  which,  when  the  F ire  is  clear  and  hot,  it 
drives  very  briikly :  Whence  it  appears,  that 
it  is  the  Stream  of  the  heated  Air,  and  not 
that  of  the  Smoke,  which  afts  fucceffively  on 
the  Vanes  of  this  Machine,  in  much  the  lame 
Manner  as  does  a  Stream  of  Water  againft  the 
Blades  of  an  Oar,  or  the  Floats  of  a  Water¬ 
wheel. 

An  entertaining  Experiment,  to  like  Pur- 
pofe,  might  be  made  by  a  paper  Lantern  a- 
dorned  with  Figures,  fixed  to  a  very  light  cir¬ 
cular  Frame  of  ten  Vanes,  dilpofed  in  the 
Manner  abovefaid,  each  of  them  four  or  five 
Inches  long,  and  about  one  and  a  half  broad. 
Under  this  Machine,  the  Center  whereof  is  to  be 
hung  on  a  fine  Pivot  fet  upright,  a  lighted  Can¬ 
dle  is  to  be  put  (not  too  near  the  Centre)  the 
Flame  whereof,  we  may  obferve,  commonly 
ends  in  a  Point  j  the  adjacent  Air  being  there¬ 
about  very  much  heated  ;  on  which  account, 
the  Flame  alfo,  endeavouring  to  rife  with  it,  is 
protradted  or  drawn  out,  and  becomes  pointed 
in  the  Part  where  the  Heat  is  molt  extreme. 
The  Air  thus  rarefied,  will  rife  fteadily  with¬ 
in  the  Paper,  and  giving  fuccefiive  Shocks  or 
Strokes  to  the  Vanes,  will  by  Degrees  make 
the  Machine  turn  about  pretty  brilkly,  and 
always  the  fameWay.  The  Experiment  is  re- 
prefented,  Plate  9.  Fig.  6 

From  the  fame  Principle  alfo  is  promoted 
the  Circulation  of  warm  Air,  thrown  into 
Rooms,  after  it  hath  been  heated,  undulating 

thro’ 
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thro’  hollow  iron  Plates,  dilpofed  generally  in 
the  Back  and  Sides  of  the  Chimney.  This  is 
commonly  let  into  the  Room,  or  a  Set  of 
Rooms,  through  an  Opening  made  fomewhere 
above  the  Fire-place,  and  the  Confumption 
thereby  made,  is  conliantly  replaced  by  a  Stream, 
of  Air,  riling  thro’  a  Pipe,  v/hich  condudls  it 
from  abroad.  In  this  Cafe  the  heated  Air,  firlf 
occupying  the  upper  Part  of  the  Room,  de- 
fcends  by  Degrees  as  low  as  the  Opening  of  the 
Chimney,  thro’  which,  having  performed  its 
intended  Office,  it  afcends  along  with  the  Smoke. 
And  this  Circulation  of  Air  contributes  very 
much  to  the  Salubrity,  as  well  as  to  the  Plea- 
fure  of  the  Place. 

It  may  here  be  obferved,  that  all  Obllacles 
to  any  Current  of  Air,  when  raifed,  put  it  to 
the  Spring,  and  very  much  dillurb  its  Pro- 
grefs,  by  throwing  it  often  into  Whirls  and 
Eddies.  And  the  Commotions  therein  pro¬ 
duced  by  thefe  fixed  Objects,  very  often  ih- 
terrupt  the  peaceful  Rifing  of  the  Smoke  in 
Chimneys  an  Inconvenience  very  rarely  to  be 
got  over,  unlefs  the  Funnels  can  be  fo  raifed, 
as  that  they  may  deliver  their  Smoke  beyond 
the  Reach  of  the  diflurb’d  Air. 

We  frequently  fee  a  Chimney  do  its  Office 
very  well,  except  when  the  Wind  is  fome  one 
Way  j  that  is,  when  the  Air  about  the  Chim¬ 
ney-top  is  by  fome  Means  or  other  ruffled  or 
over-much  agitated,  viz.  It  is  either  >hrown  too 
fiercely  on  the  Chimney,  by  the  Length  ;  nd 
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Strength  of  the  Guft,  or  perhaps  down  it^ 
but  more  generally,  it  is  refledled  from  fome  Part 
of  the  Roof  or  the  adjacent  Buildings,  or  elfe 
it  is  abfolutely  commanded  by  fome  Eminence 
that  over-tops  it.  For  Example:  The  Wave  of 
Wind  A,  coming  over  the  high  Wall  B,  will 
pour  down  and  prevent  the  regular  riling  of 
the  Smoke  from  the  Chimney  at  C,  Fig.  8. 
Plate  o.  whereas  it  might  have  been  Ihelter- 
ed  perhaps  from  this  Inconvenience,  had  it 
been  placed  more  advantageoully  fomething 
nearer  the  Objedt,  as  at  F,  or  have  efcaped  per¬ 
haps  the  Fury  of  the  Blaft  in  good  meafure,  had 
it  been  removed  to  G.  In  the  Choice  of  a  Si¬ 
tuation  for  a  Houfe,  particular  Regard  there¬ 
fore  Ihould  be  had  to  the  Expofition  of  the 
Chimney-tops,  and  proper  Care  taken  that  they 
be  neither  commanded  by  any  thing  very  much 
above  them,  or  that  the  Roof  and  the  adjacent 
Buildings  be  fo  difpofed,  that  the  Air  about  their 
Tops  may  probably  not  be  dillurb’d  by  Reflexion, 
efpecially  when  high  Winds  are 'abroad. 


Some  Regard  is  alfo  to  be  had  to  the  Dif- 
polition  and  Make  of  the  Chimney.  As  to  the 
iirll  5  it  lliould,  if  poffible,  never  be  placed  be¬ 
tween  Doors,  into  which  brifk  or  boih’rous 
Winds  may  blow.  This  will  interrupt  the 
regular  Rifing  of  the  Smoke,  and  often  force  it 
out  of  the  Chimney,  As  to  the  fecond  ;  it 
ouo-ht  to  be  fo  built,  as  to  leave  no  undue 
Vacancies  in  the  Funnel,  or  under  the  gather¬ 
ing  Wings.  Thefe  are  often  Lodgments  for 

Air,  that  may  frequently  be  difturbed,  the  ir¬ 
regular 
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regular  Motion  of  which  muffc  aile<5t  the  Rife 
of  the  Smoke  very  much.  ’Twill  therefore 
be  always  right,  not  only  to  lead  the  Smoke  as 
diredlly  and  as  ftreight  into  the  Funnel  as  pof- 
fible,  but  alfo  not  to  have  that  Funnel  over  large. 
For  the  fame  Reafon,  falfe  Backs,  and  Holes 
made  above  the  Fire-place  in  a  Chimney,  are 
little  better^  than  Receptacles  for  cool  and  agi¬ 
tated  Air,  and  are  feldom  known  to  remedy 
the  Inconvenience  found,  nor  is  it  likely  they 
fhould. 

Contracting  the  Funnel  or  Sedlion  of 
the  Chimney  occalionally,  as  is  prad:ifed  by 
Mr.  Ph  I  CLIPS  and  others,  who  with  Judgment 
undertake  to  remedy  this  Inconvenience,  is  a  very 
good  Way.  When  the  Fire  is  juft  lighted, 
before  the  Air  in  the  Chimney  is  much  rare¬ 
fied,  and  when  there  is  a  large  Column  of 
Smioke  to  be  carried  off,  the  whole  Area  of 
the  Funnel,  commonly  left  fi-om  ten  to  twelve 
Inches  fquare,  is  not  too  much  for  the  intend¬ 
ed  Purpofe.  But  as  the  Fire  kindles,  and  gives 
more  Heat,  the  Channel  may  on  Occafion  be 
contradfed  to  very  good  Purpofe ;  and  fo  as  to 
be  fomething  like,  if  not  nearly  equal  to  the  con¬ 
fining  the  Draught  of  Air  in  the  Wind-ftove 
at  Bottom. 

A  Contrivance  of  this  Sort  alfo,  to  fliut  it 
quite,  might  be  added,  of  very  great  Ufe  and 
Service  whenever  a  Chimney  fhould  happen  to 
be  on  Fire,  that  by  wholly  flopping  the  Draught 
of  Air,  it  might  be  put  out. 
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If  a  Chimney,  not  commanded  by  an  Emi¬ 
nence,  or  in  an  inconvenient  Situation,  or  o- 
therwife  injudicioufly  executed,  as  above,  does 
not  draw  well,  ’tis  commonly  for  want  of  a  free 
Succeffion  of  Air  to  ventilate  or  fan  the  Fewel, 
and  replace  the  Expence  of  Air  that  ought  to 
mount  up  the  Chimney,  as  beforefaid,  on  account 
of  the  Heat,  in  a  due  Proportion.  The  making 
a  Hole  therefore  beneath  the  Grate,  with  which 
the  Air  from  abroad,  or  fome  other  Room,  m^ay 
have  free  leave  to  communicate,  will  very  much 
help  it.  This  will  not  only  duly  fupply  the 
Fire  with  Air,  and  increafe  the  Heat  that  Way  j 
but  it  will  render  the  Flux  of  raw  cold  Air, 
(which  will  otherwife  necefi'arily  enter  by  the 
Crevifes,  and  both  cool  the  Room  and  the  Per- 
fons  in  it  very  much)  lefs  wanted  j  this  Con¬ 
trivance  would  confequently  greatly  contribute 
to  the  Warming  the  Place,  and  of  keeping  its 
warm  Air  therein. 

And  here  it  may  be  remarked,  that ’tis  more 
prejudicial  to  Health,  to  lit  near  a  Window  or 
Door  in  a  Room,  where  there  are  many  Can¬ 
dles  and  a  Fire,  than  in  a  Room  without :  For 
the  Confumption  of  Air  thereby  occalioned, 
will  always  be  very  confiderable,  and  this  mull 
necellarily  be  replaced  by  cold  Air  from  with¬ 
out.  Down  the  Chimney  can  enter  none,  the 
Stream  of  warm*  Air,  always  riling  therein,  ab- 
folutely  forbids  it  :  The  Supply  muft  therefore 
come  in  wherever  other  Openings  lhall  be 
found.  If  thefe  happen  to  be  fmall,  and  the 

Con- 


Natural  Artificial.  247 

Confumption  large,  let  thofe  who  fit  near  them 
beware :  The  fmaller  the  Flood-gate,  the  fmart- 
er  will  be  the  Stream. 

To  prove  this  by  Experiment,  we  need  only 
hold  a  Candle  to  the  Key-hole  of  the  Door  of 
the  Room,  where  a  good  Fire  is,  and  a  conflant 
Stream  of  Air  will  be  found  to  enter  plentifully 
thereat.  Befides,  it  may  eafily  be  remembered, 
that  in  {harp  Weather,  when  we  have  had  a  brifk 
Fire  before  us,  our  Heels  have  been  often  ready 
freeze,  merely  from  the  fucceffive  Flux  of  cold 
Air  continually  drawing  toward  the  Fire  to  make 
good  the  Wafle,  or  what  goes  up  the  Chimney. 
And  for  this  Reafon  it  is  that  publick  Aifemblies 
generally  procure  the  Profefibrs  of  Medicine  a 
great  many  Patients.  To  which  indeed  might 
be  added,  the  alternate  Heats  and  Colds  unavoid¬ 
able  in  fuch  Places,  which  are  nearly  equivalent 
to  the  very  great  and  fudden  Alterations  of  the 
Weather  that  generally  give  People  Cold. 

Was  a  Man,  even  in  a  Sweat,  to  leap  into 
a  cold  Bath,  or  jump  from  his  warm  Bed  in  the 
intenfeil  Cold,  even  in  a  Froft,  provided  he  do 
not  continue  over-long  therein,  and  be  in  Health 
when  he  does  this,  we  fee  by  Experience  that 
he  gets  no  Harm.  If  he  fits  a  little  while  a- 
gainfi;  a  Window,  into  which  a  fucceffive  Cur¬ 
rent  of  cold  and  freih  Air  comes,  even  in  Sum¬ 
mer-time,  his  Pores  areclofed,  and  he  gets  a  Fe¬ 
ver.  In  the  firfi:  Cafe,  the  Shock  the  Body  endures 
is  general,  uniform,  and  therefore  lefs  fierce  j  in 
the  other,  a  fingle  Part,  a  Neck  or  Ear  perchance, 
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is  attacked,  and  that  with  the  greater  Violence 
probably,  as  it  is  done  by  a  fucceffive  Stream  of 
cold  Air.  And  the  Cannon  of  a  Battery,  pointed 
againft  a  fingle  Part  of  the  Baftion,  eafier  make 
a  Breach,  than  were  they  directed  to  play  flngly 
upon  the  whole  Face,  and  will  admit  the  Enemy 
much  fooner  into  the  Town.  But  to  return. 

The  Case  of  the  W  iNDs  continued. 

IN  the  Burning  Zone,  where  the  Heat  of 
the  Sun  is  mod;  conftant,  as  well  as  moft 
extreme,  the  Courle  of  the  Winds  is  obferved 
to  be  the  moil  uniform  and  regular,  whether 
we  confider  them  as  continual  or  periodical. 

Of  the  fir  ft  fort  is  the  Eafterly  Wind, 
blowing  conftantly  between  the  Tropics,  in 
fome  Places  as  far  as  thirty  Degrees  on  either 
Side  of  the  Line,  in  others  not  fo  much  :  Of  the 
fecond  fort  are  the  Land  and  Sea-breezes,  which 
in  thofe  Climates  regularly  blow  from  Sea  to. 
Land  in  the  Evening,  and  from  Land  to  Sea 
in  the  Morning. 

Thf-  daily  Revolution  of  the  Earth  being 
from  Weft  to  Eaft,  upon  her  own  Axis,  the 
fuccellive  Rarefaction  made  in  the  Atmolphere 
by  the  Heat  of  the  Sun,  will  be  according  to 
his  apparent  Courfe  from  Eaft  to  Weft ;  and 
as  the  Air,  thus  rarefied,  comes  by  his  De¬ 
parture  to  cool,  and  be  again  condenfed,'  the 
Motion  of  it  will  follow  the  Rarefaction  con- 
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tinued  Weft  ward,  and  thus  is  an  Eafterly  Wind 
there  perpetually  propagated. 

Some  indeed  have  afcribed  the  conftantand 
perpetual  Eaft-v/ind,  thus  blowing  near  the 
Equator,  to  the  diurnal  Rotation  of  the  Earth 
about  its  Axis  from  Weft  to  Eaft,  whence  tliey 
conceived,  that  the  Air  on  its  Surface  might 
feem  to  move  the  contrary  Way,  as  being,  from 
the  Vis  Inertitx  of  Matter,  in  fome  fort  left 
behind.  But  as  here  are  alfo  found  W^inds 
that  blow  on  other  Points  of  the  Compais ; 
and  as  the  Air  is  known  to  prefs  on  the  Earth 
by  its  Gravity  like  other  Bodies,  to  reft  upon  it, 
and  there  being  nothing  to  hinder  it  from  freely 
moving  and  revolving  with  it,  (which  by  the 
way  muft  very  foon  happen)  this  cannot  be  the 
Caufe  of  the  Eafterly  W^inds  in  thofe  Parts. 

Did  the  Sun  never  depart  from  the  Equi¬ 
nox,  the  Wind  would  very  probably  there 
never  vary  from  the  Eaft  Point :  But  we  find 
that  as  he  draws  towards  the  North,  in  the 
Courfe  of  his  Declination,  as  far  as  twenty  three 
Degrees  and  near  a  half,  the  Rarefaftion  of  the 
Air  fliifts  Northward  after  him,  and  the  Wind 
confequently  follows,  in  the  compound  Direftion 
from  the  North  and  the  Eaft,  fo  long  as  the  Sun 
continues  North  of  the  Line,  that  is,  from  March 
to  September.  And  when  his  Declination  is  South¬ 
ward,  between  September  and  Marchy  for  the 
fame  Reafon  the  Flux  of  the  Air  is  accordingly 
lefs  or  more  Northerly ;  and  in  the  Southern 
Ilemifphere  juft  the  contrary  happens.  Which 
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being  agreeable  to  Fadt,  off  at  Sea,  in  all  the 
vaft  Ethiopick  and  Atlantick  Oceans,  v/here 
there  is'^nothing  to  interrupt,  it  makes  the  Phy- 
fical  Caufe  of  Winds,  here  propofed,  more 
than  hypothetical. 

The  Reafon  of  this  Variation  is  obvious. 
The  equatorial  Parts  being  hotter  than  any 
other,  the 'Air  in  both  the  Northern  and  the 
Southern  Hemilpheres  ought  equally  to  tend 
that  Way,  and  it  generally  does  fo  when  the  Sun 
is  in  or  near  the  Equinox.  But  as  he  declines 
toward  tlie  North  Tropick,  the  Northern  Cur¬ 
rent  of  the  Air  meeting  in  its  Paffage  with  the 
Eaftern,  produces  a  North-eaft  Wind  on  that 
Side ;  as  the  Southern  Current,  joining  with  the 
fame  on  the  contrary  Side  of  the  Equator,  there 
forms  a  South-eaft  Wind. 

Th  ERE  is  no  Doubt,  but  that  if  the  whole 
Surface  of  the  Globe  was  Sea,  the  beforefaid 
Wind  would  blow  with  the  fame  Regularity, 
in  thofe  Climates,  quite  round  the  Globe  :  But 
in  regard  great  Continents  do  often  interpofe, 
and  break  the  Continuity  of  the  Oceans,  Re- 
ipefe;  muff  alfo  be  had  to  what  will  follow  from 
the  Nature,  Situation,  and  Difpofition  of  their 
Soil,  and  other  Accidents,  which  are  capable 
of  interrupting  the  ffeady  Courfe  of  the  Winds, 
and  of  making  it  in  many  Places  variable  and 
uncertain. 

# 

To  account  in  particular  for  the  Land  and 
Sea-breezes,  which  alternately  are  obferved  to 

fet 
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fet  on  and  off  the  Coafts  in  hot  Countries,  it 
will  not  be  unnatural  to  fuppofe,  That  lince  the 
Water  is  found  to  imbibe  and  tranfmit  many, 
or  moff  of  the  Rays  of  Light  falling  thereon, 
and  the  Land  to  refledl  them,  that  the  Air, 
during  the  Heats  of  the  Day,  muff  be  much 
more  expanded  and  rarefied  over  the  one,  than 
is  poffible  over  the  other :  Befides,  the  Sea  can 
yield  none  but  unadtive  watry  Particles,  in  Ex¬ 
halations  ;  whereas  from  the  Earth,  nitrous  and 
other  heterogeneous  Particles  may  be  exhaled, 
which  meeting  in  the  Atmofphere,  and  ferment¬ 
ing  with  each  other,  may  greatly  contribute  to 
heighten  the  Spring,  and  confpire  with  the  Heat 
to  increafe  the  Air’s  Elafficity,  and  caufe  it  to 
rife  more  brifldy  above  the  Land.  The  denfer 
Air  from  Sea  then,  fetting  in  upon  the  Coaft, 
will  become  a  comfortable  Sea-Breeze  to  the  In¬ 
habitants  all  Day ;  and  the  Air  thus  rais’d,  and 
perhaps  heaped  above  the  Land,  cooling  by  the 
Chill  of  the  fucceeding  Night,  may  thence  reco¬ 
ver  Denfity  and  Weight  fufficient  to  thruff  back 
the  Air  from  Sea,  and  returning  the  Way  it  came 
in,  may  become  a  Breeze  from  Land. 

And  hence  one  might  think,  that  the  Pro- 
grefs  of  the  Sun  from  Eaff  to  Weff  ought  to 
produce  rather  a  Weft  than  an  Eaff  Wind: 
Since  it  fhould  feem,  that  the  Air  being  denC- 
er  in  the  Weftern  Hemifphere,  from  the  long¬ 
er  Abfence  of  the  Sun,  than  in  the  Eafferi}, 
over  which  it  had  more  lately  paft,  might  be 
apt  to  produce  a  contrary  Effedl  to  what 
really  done,  And  this  would  doubtlefs  happen, 
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was  the  Point  of  the  greateft  Rarefaction  that 
to  which  the  Sun  fhould  at  any  Time  be  vertical. 
But  as  the  greateft  Heats  are  obferved  commonly 
to  be  rather  two  Hours  after  that  Time,  or 
fome  thirty  Degrees  to  the  Eaft  of  that  Point, 
the  Proceflion  of  the  Sun  toward  the  Weft  is 
in  Favour  of  the  Eaftern  Current  of  Air,  two 
Ways:  Firft,  as  it  meets  with  the  Weftern 
Current  making  toward  it,  and  diminifties  its 
Efforts  in  the  Courfe  of  the  ordinary  RarefaClion ; 
and,  fecondly,  by  this  Point’s  fhifting  of  itfelf 
conftantly  Weftward,  whereby  a  new  kind  of 
Impetus  is  given  to  the  Eaftern  Current,  which 
being  thus  put  in  Motion,  continues  it  regularly 
forward,  and  fo  gathers  Power  fuflicient  to  overr 
come  the  former,  and  drive  ■  it  before,  in  its 
own  Direction. 

Besides,  the  more  general  Caufes  of  the 
Winds  hitherto  infifted  on,  'viz.  Heat  and 
Cold,  there  may  particular  ones  alfo  be  affigned. 
Such  as,  I.  The  Approach  or  Elongation  of  the 
Moon  in  her  Circuit  round  the  Earth,  and 
even  her  Attraction  in  the  Meridian,  may  be 
reafonably  judged  to  raife  a  Swell  of  the  Air, 
no  lefs  than  of  the  Water,  in  the  Tides.  2. 
Certain  Exhalations,  that  rife  out  of  the  Earth 
fometimes  and  occafionally,  in  certain  Places, 
in  Earthquakes  efpecially,  and  from  Volcano’s, 
■j.  The  Fall  of  great  Q^ntities  of  Rain,  Hail, 
or  Snow,  caufing  thereby  a  fudden  Condehfa- 
tion  or  Contraction  of  the  Air  where  they  are. 
4.  The  fudden  melting  of  Snows,  &c.  on  the 
higher  Mountains,  cauling  the  great  Condenfati- 
Gii  of  Air  near  themfuddenly  to  ceafe.  5.  Burning 
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Sands,  tliat  often  retain  the  folar  Heat  to  a  De¬ 
gree  incredible  to  thofe  who  have  not  felt  it,  cauf- 
ing  thereby  a  more  than  ordinary  Degree  of  Ra- 
refadtion  in  the  Air  adjacent  7.  The  Oppofition 
of  high  Mountains,  that  refledl  the  Winds,  and 
alter  the  Line  of  their  Diredlion,  and  fuch 
like.  All  which  particular  Caufes  may  hap¬ 
pen  either  to  confpire  with,  and  ftrengthen 
the  general  Caufes  before-cited ;  or  may  oppofe 
in  part,  or  lelfen  their  Efforts,  according  to  the 
Diverfity  of  Time,  Place,  *  and  Circumftance, 
in  the  Courfe  of  Things. 

To  thefe  Particulars,  and  fuch  as  thefe,  is 
ovAng  the  manifefl  Irregularity  and  Uncer¬ 
tainty  of  the  Winds  in  Climates  far  diflant 
from  the  Equator.  Nor  can  it  be  Matter  of 
Wonder,  if  in  high  Latitudes  the  Winds  be 
found  variable,  fince  between  the  Tropicks 
(where  it  might  be  leafl:  expedled,  on  account 
of  the  fleady  conftant  Heat  of  the  Sun)  in  cer¬ 
tain  Places  from  one  Difpoiition  or  other.  Alte¬ 
rations  are  found  in  the  general  Eaflerly  Winds 
themfelves.  F or  Example  5  in  the  Southern  Part 
of  the Seas,  and  far  from  Shore,  the  Wind 
blows  always  from  the  Eaft  or  thereabout,  ac¬ 
cording  to  the  ordinary  Courfe  thereof,  in  and  a- 
bout  that  Latitude ;  But  ’tis  obferved,  that  in  the 
North  Part  thereof,  the  Wind  blows  regularly 
from  the  Eaft,  as  in  other  Places  adjacent,  but 
one  half  the  Year,  and  then  turns  and  blows 
diredly  from  the  Weft,  for  the  other  fix 
Months  i  and  thefe  Variations,  in  particular 
Places,  arifing  from  particular  Caufes,  are  termed 
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Monfoons :  That  is,  when  the  Sun  draws  toward 
the  North  Tropic,  the  feveral  Countries  lying 
near  the  Coafts  in  the  Torrid  Zone,  becoming 
hotter,  reflect  more  Heat  than  the  Seas  beyond 
the  Equator,  which  the  Sun  has  left ;  the  Winds 
therefore,  inftead  of  blowing  thence  to  the  Parts 
under  the  Equator,  blow  the  contrary  Way : 
And  when  the  Sun  leaves  thofe  Countries,  and 
approaches  the  other  Tropic,  the  Winds  turn 
about,  and  blow  from  the  oppofite  Point  of  the 
Compafs.  The  Regularity  of  thefe  Winds  mak¬ 
ing  them  more  than  ordinarily  ufeful  in  Navi¬ 
gation,  they  are  from  thence  called  the  Trade- 
Winds. 

North  of  the  Tropick  of  Cancer^  it  may 
be  obferved  that  the  Moon  has  often  a  confi- 
derable  Influence  on  the  Winds,  which  in  the 
Compafs  of  fourteen  Days,  or  half  the  Lunation, 
ordinarily  make  an  entire  Revolution,  and  blow 
from  all  the  Points  of  the  Compafs.  At  New, 
the  Wind  being  at  North,  it  pafl'es  on  to  the 
Eafl:  in  a  few  Days,  then  to  the  South,  and  fo  on 
to  Weft,  and  returns  to  the  North  about  the 
Full,  in  fettled  Weather.  In  unfettled  Seafons, 
the  Winds  will  often  vary,  and  run  a  little 
backwards,  apparently  againft  the  Courfe  of  the 
Sun,  as  from  Weft  to  South-weft,  and  fo  to 
South :  However,  they  feldom  veer  quite  round 
in  this  Manner,  but  ftop  at  fome  of  the  inter¬ 
mediate  Points. 

With  Regard  to  the  Variety  of  Winds,  by 
the  Curious  obferved  to  blow,  at  the  fame  Time, 

in 
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in  different  Places  of  the  Earth,  this  may  pro¬ 
ceed  from  feveral  Caufes,  worthy  of  Attention. 
As  firft ;  It  being  plain,  that  the  Winds  always 
move  in  the  Direction  of  a  great  Circle,  or  one 
that  would,  was  it  continued,  divide  the  Globe 
into  two  equal  Parts ;  and  did  the  Wind  pro¬ 
ceed  from  any  one  of  the  cardinal  Points,  that  is, 
either  from  the  Eaft,  Weft,  North  or  South, 
it  would  then  retain  its  Name  over  a  great  Part 
of  the  Globe :  But  fhoald  the  Wind  proceed 
in  any  other  Direction,  it  will  feem  very  diffe¬ 
rent  in  whatever  diftant  Places  it  ftiall  pals  o- 
ver.  Becaufe  every  one  acquainted  with  the 
Principles  of  Geography  knows,  that  all  Rhumbs, 
which  give  Denomination  to  the  Winds,  be¬ 
tween  the  Equinoctial  and  the  Poles,  are  not 
ftreight,  but  fpiral  Lines.  For  Inftance  j 
fliouid  a  Wind  fet  out  from  the  Equator,  in 
the  Direction  of  an  Angle  of  forty  five  De¬ 
grees  ;  in  order  to  retain  the  fame  Name, 
South-weft  for  Example,  it  ought  to  crofs  the 
Meridian  of  every  Place,  it  ihall  pafs  over  in 
the  fame  Angle ;  But  if  it  keeps  right  forward, 
that  is  impofiible ;  becaufe  the  Meridians  are 
not  parallel,  but  inclined  Lines,  all  meeting  in 
a  Point  in  both  the  Poles ;  Wherefore  the 
Wind  that  is  termed  South- weft  in  one  Latitude, 
will  always  carry  a  different  Name  in  another. 

A  fecond  Caufe  of  this  Variation  of  Winds, 
obferved  in  diftincl  and  different  Places,  may 
be  from  the  adjacent  Air’s  being  tlirov/n  into  a 
kind  of  an  Eddy,  by  the  Paffage  of  a  furious 
Blaft,  over  a  particular  T rack  of  Land :  As  in 
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Rivers,  when  the  Stream  is  rapid  in  the  Mid-s 
die,  the  Side- water  is  always  pudied  obliquely 
towards  the  Banks. 

A  third  Caufe  may  be,  when  in  two  Places, 
at  a  great  Diftance  from  each  other,  there  hap¬ 
pens  at  the  fame  time  to  rife  great  Qi^ntities 
of  Exhalations  from  the  Earth,  able  not  only 
to  difturb,  but  drive  the  Air  into  Motion  all 
round  them.  In  fuch  Cafe,  there  muft  neceffa- 
rily  rife  two  Winds,  meeting  each  other  in  a 
contrary  Diredlion  to  the  very  Point  of  their 
Congrefs. 

The  fourth  and  laft  Caufe  ufually  affigned 
for  this  Phasnomenon,  is  the  Oppofition  of  high 
Mountains,  which  refledt  the  Winds,  and  ga¬ 
ther  and  turn  them  into  a  Courfe  often  very 
different  from  their  firft  Direilion,  An  Exam¬ 
ple  of  this  v/e  have  in  the  Lake  of  Geneva^ 
which  fpreads  itfelf  between  two  Ridges  of 
Hills  for  twelve  Leagues  together.  Here  there 
are  never  known  to  blow  any  other  than  two 
Winds,  that  is,  either  up  or  down  the  Valleyi 
The  like  happens,  as  the  Seamen  well  knoWj 
off  of  Geftoa,  and  fevcral  Places  in  the  Mediter- 
ranean-f  when  failing  with  a  fleady  Wind  un¬ 
der  Shore,  they  often  meet  with  a  Flood  of 
Air,  or  a  Squall  of  Wind  from  the  Openings  of 
the  Valleys,  as  they  pafs,  directly  eroding  per¬ 
haps  the  main  Current  of  the  Wind  at  Sea. 

A  Gentleman  who  had  ufed  to  convoy  the 

Greenland  Trade  afleits.  That  about  the  Ifland 
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bf  Spitsberg,  is  fixed  a  vaft  Ridge  of  Moun¬ 
tains  of  Ice,  to  whi^Ii,  from  the  Distance  per¬ 
haps  of  fifteeii  Leagues,  he  has  frequently,  out 
of  Curiofity,  taking  the  Opportunity  of  a  Wind 
blowing  right  upon  therh,  ehdeavoured  to  fail 
towards ;  but  when  he  was  about  half  ivay, 
he  found  he  always  lofi;  his  Wind,  and  what  did 
blow,  was  rather  againfi:  himi  This  was  occa- 
fioned,  no  doubt,  by  the  Refleilion  of  the  Wind 
thrown  diredlly  on  tho|e  Eminencies; 


About  November ,  it  may  be  obferv’d,  that  we 
who  live  in  a  confiderable  Northern  Latitude, 
are  frequently  vifited  with  high  and  boifterous 
Winds,  This  may  pofiibly  proceed  in,  part 
from  the  general  Condenfation  bf  the  Air  in 
the  North  frigid  Zone,  where  they  begin  about 
that  Time  wholly  to  Ibfe  Sight  of  the  Sun; 
It  may,  in  part,  no  doubt,  alfo  proceed  from 
the  Explofions  bf  fermenting  oily  Matterj ' 
which,  after  a  hot  Summer,  may.be  dilpofed 
to  rife  from  the  Earth  in  fundry  Places  wheii 
that  Heat  is  abated,  and  occafion  fomething  like 
the  Winds  which  are  found  to  ilTue  from  the 
Mouth  bf  Caverns,  either  when  the  Spring  of  the 
internal  Air  is  heighten’d,  as  is  faid,  br  when  the 
external  is  render’d  lefs  denfe  j  much  as  a  Blaft 
of  ft rong  Air  will  be  pufiied  from  Water  boil¬ 
ing  in  the  Eolipile.  The  Experirnent  to  be 

made  on  which  Machine  is  this :  Take  a  glo- 

'  .1  ^ 

bular  Veficl  of  Copper,  having  a  fmall  Pipe 
fodered  into  its  Side.  Heat  this  Machine  pret= 
ty  well,  and  invert  the  Stem  into  Water  i  As 
the  Eolipile  cools,  the  heated  Air  will  cbntraSti 
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and  the  Water  will  rife  into  the  Cavity,  and 
fill  it  in  a  Degree  proportionate  thereto  j  per¬ 
haps  three  quarters  full.  Then  fet  it  on  a  Cha- 
fing-difh  of  hot  Coals  upright  •,  as  it  heats,  the 
Steam  will  ifliie  from  the  Pipe  in  fo  violent  a 
Blafi:,  that  will  blow  a  Torch  or  Brand,  held 
in  the  Way,  like  the  Bellows  of  a  Forge.  This 
Experiment  is  reprefented  Plate  9.  Fig.  7. 
Should  the  Eolipile  be  reverfed  when  the  Wa¬ 
ter  boils,  a  fmart  Jet  of  Water  would  be  thrown 
out  of  the  Pipe  by  the  Repellency  and  F orce  of 
the  confined  Steam :  And  was  the  Machine  filled 
with  Spirits  inflead  of  Water,  it  would  in  like 
manner  prefent  you  with  a  noble  Jet  of  Fire. 

Something  like  this  Experiment  may 
be  obferved  to  happen  in  burning  green 
Wood.  The  Fluids  contained  in  the  Cavi¬ 
ties  and  the  Fibres  thereof,  being  dilated  by 
the  Heat  of  the  Fire,  pufh  brilkly  forth ; 
They  often  rend  and  burfi;  the  folid  Wood 
to  make  their  Way,  and  then  ifliie  in  a  Blaft. 
The  Adlion  of  the  little  Candle-bombs  is  al- 
fo  on  the  fame  Principle.  Thefe  are  pretty 
ftrong  Bubbles  of  Glafs,  having  a  fmall  Q^n- 
tity  of  Water  inclofed,  which  being  ftuck  near 
the  Wick  of  a  lighted  Candle,  when  the  Wa¬ 
ter  comes  to  be  much  heated,  will  fo  expand 
as  to  burfi:  the  Glafs  with  a  furprizing  Noife 
and  Force. 

From  fome  Caufe  fimilar  to  this,  we  endea¬ 
vour  to  account  for  the  Origin  of  tempefluous 
Winds :  fuch,  for  Inllance,  as  are  obferved  to 
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blow,  about  once  in  ten  Years,  in  the  JVeJi- In¬ 
dies,  near  the  Iflands  called  Antilles ;  viz.  about 
Cuba,  yamaica,  Porto-Rico,  ^tCaribbees,  Lu~ 
cayes,  Stotovento,  and  Bermudas :  Hurricanes 
which  blow,  for  the  Time  they  laid,  with  in¬ 
credible  Fury,  lay  Waile  the  Countries,  and 
make  ftrange  Havock  at  Sea. 


As  Earthquakes  are  often  felt  there  at  the 
fame  Time,  and  Innundations  often  follow,  ’tis 
more  than  probable,  that  great  Quantities  of 
nitrous  and  iiilphurous  Matter,  fit  for  Explo- 
lion,  being  brought  up  to  a  fit  Difpofition  by 
Fermentation  (hereafter  to  be  more  fully  ex¬ 
plained  under  its  proper  Head)  may  get  looie  5 
and  thus  by  the  fpringing  of  Mines  as  it 
were  of  fermenting  Matter,  fucceffively  in 
feveral  Parts  of  the  Ocean  thereabouts,  the 
Devailation  here  defcribed  may  be  occafion- 
fed :  And  that  not  only  with  Regard  to  the 
Commotion  of  the  Air  and  Waters,  by  driv¬ 
ing  away  the  Parts  contiguous  to  theie  Ex- 
plofions,  in  a  very  violent  Manner;  but  alfo 
with  regard  to  the  great  Flavock  made  among 
the  Shipping;  and  even  the  Filh,  which  are 
always  found  dead  in  thofe  Parts,  in  great 
Quantities,  after  a  Calamity  of  this  Sort  has 
happened :  Animals,  which  were  it  not  for  fome 
external  Violence,  proceeding  from  the  very 
Bottom  of  the  Deep,  might  be  very  well  ima¬ 
gined  to  be  fiielter’d  from  any  Inconvenience- 
that  might  arife  from  the  Agitation  of  the 
Winds  or  Waters  above.  Eefides,  thefe  Hur* 
Hcanes’  now  and  then  prefent  the  Geographer 
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with  a  new  liland,  and  fometimes  they  link 
one  upon  him,  or  take  away  a  Part  of  the 
old.  Which  is  alfo  an  Evidence,  that  the 
Caufe  of  thefe  very  extraordinary  Difturbances 
proceeds  immediately  from  the  Bowels  of  the 
Earth ;  as  indeed  all  outrageous  Storms  of 
Wind  may,  from  a  Parity  of  Reafon,  be  very 
well  prefumed  to  do. 

The  Motion  of  the  Winds  is  generally  in 
Waves,  as  appears  by  the  Sound  of  Bells,  which 
in  fmall  Intervals  of  Time  are  frequently  ob- 
ferved  either  to  increafe  or  be  diminiflied  in  the 
fame  Place  very  fenfibly,  juft  as  the  Guft 
diredls  it  either  to  this  Place  or  that.  The 
Motions  of  the  Waves  of  the  Sea,  evidently 
impelled  thereby,  often  demonftrate  this  :  Since 
they  do  not  all  break  on  the  Shore  in  the  fame, 
but  very  different  Places.  It  farther  appears 
by  the  Effefts  often  left  by  this  kind  of  Storm  ; 
where,  in  the  Compafs  of  a  Iquare  League,  we 
fhall  often  find  many  Trees  left  ftanding,  when 
many  others,  of  equal  Strength,  and  the  fame  in 
Kind,  have  perhaps  been  over-turned.  The 
Dancing  of  the  Mercury  in  the  Barometers 
of  curious  Make,  on  thefe  Occafions,  is  ano¬ 
ther  Evidence  alfo  of  the  unequal  Compref- 
fions  of  the  Air,  under  this  Circumftance : 
It  likewife  intimates,  that  Part  of  the  upper 
Air  is  fometimes  removed  by  the  violent  Gufts 
in  a  Storm,  which  on  their  Abatement  foon 
returns. 

When  two  great  Winds  happen  to  be  in¬ 
clined 
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dined  to  each  other  in  an  Angle  of  about^ 
fifteen  or  fixteen  Degrees,  ’tis  certain  they 
condenfe  the  Air  at  the  Place  of  their  Con- 
grefs,  and,  according  to  the  Rules  of  Percuf- 
fion,  make  it  flow  almofl:  a  third  Part  fafter 
than  either  of  them  fingly  did,  Suppofing  then 
that  each  of  thefe  Winds  were  going  with 
the  Velocity  of  tv/enty  four  Foot  in  a  fecond, 
as  A  and  B,  Fig.  9.  Plate  9.  which  is  the 
ufual  Velocity  of  offenfive  Winds,  againfl  which 
it  is  troublefome  to  walk;  the  Wind  com¬ 
pounded  of  thefe  two,  v/ill  proceed  after  their 
Confluence  at  C,  with  the  Velocity  of  about  thir¬ 
ty  two  F oot  in  a  Second,  toward  D.  This  ap¬ 
pears  from  common  Experience,  as  well  as  the 
Rules  of  Motion ;  and  may  be  feen  reprefented 
by  the  floating  of  a  Paper,  whenever  there 
is  a  Fall  at  Loitdon-Bridge,  or  at  any  Sluice  of 
Water. 

V/here  Winds  are  of  equal  Strength,  and 
diredly  oppofite,  they  on  Meeting  dellroy 
each  other’s  F orce,  and  tliere  produce  a  Calm  ; 
but  the  Air  will  there  be  accumulated  :  Vv^hence 
’twill  follow,  that  to  preferve  the  Equilibrium, 
the  Air  miifl  flow  back  either  Way,  above  the 
main  Current,  and  occafion  thereby  two  other 
contrary,  but  more  gentle  Winds,  to  blow  from 
this  Place  above. 

Dr,  Derm  AM,  in  a  curious  and  accurate 
Difcourfe  on  the  Motion  of  Sound,  takes  oc- 
calion  to  fry  fomething  of  the  Velocity  of 
Winds ;  v/hich,  from  many  Trials,  he  con- 
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eludes,  cannot  poffibly  move,  in  the  greatell 
Storms,  above  fifty  or  fixty  Miles  an  Hour  j 
and  that  an  ordinary  brifk  Wind  may  pro¬ 
ceed  probably  at  the  Rate  of  about  fifteen  Miles 
an  Hour.  The  Courfe  of  fome  is  however  fo 
gentle,  as  not  to  exceed  a  Mile  an  Hour. 

If  a  boifterous  Wind  meets  fide-wife  with 

t 

another  more  weak,  it  carries  away  the  Air 
neareft  to  it,  and  turns  it  round  with  a  certain 
Velocity,  and  this  we  call  a  Whirl- wind.  This 
ordinarily  goes  on  with  the  ftronger  Wind,  and 
carries  with  it  whatever  is  not  very  heav}^ 


To  fomething  of  this  Kind  is  aferibed  that 
extraordinary  Meteor  often  feen  at  Sea,  and 
fometimes  at  Land,  very  dangerous  to  Ships, 
and  whatever  happens  to  be  in  its  Way, 
called  the  Water-fpout.  ’Tis  moftly  obferved 
in  hot  dry  Weather.  Its  firfl  Appearance  is 
in  Form  of  a  deep  Cloud,  whofe  upper  Part 
is  white,  the  lower  black,  F rom  the  lower 
Part  hangs,  or  rather  falls,  what  we  proper¬ 
ly  call  the  Spout,  refembling  a  conical  Tube, 
biggeft  above.  Under  this  Tube  is  always  a 
great  Boiling,  and  Flying-up  of  the  Sea-water, 
as  in  a  Jet.  For  fome  Yards  above  the  Sur-^ 
face  of  the  Sea,  the  Water  Hands  as  a  Column, 
from  the  Extremity  whereof  it  fpreads  and 
goes  off,  as  in  a  kind  of  Smoke.  Frequently 
the  Cone  defeends  fo  low  as  to  touch  the  Mid¬ 
dle  of  this  Column,  and  continues  for  fome 
Time  contiguous  to  it  j  though  fometimes  it 
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only  points  to  it,  at  fome  Diftance,  either 
downright  or  aflant. 

It  is  often  fcarce  diftinguiflrable,  whether 
the  Cone  or  Column  appear  firft,  tho^  gene¬ 
rally  the  Boilii:^  or  Flying-up  of  the  Water 
has  the  Priority,  and  this  immediately  pre¬ 
cedes  its.  being  form’d  into  a  Column.  Ge¬ 
nerally  the  Cone-  does  not  appear  hollow,  till 
towards  the  End,  when  the  Sea-water  is  thrown 
violently  up  the  Middle  of  it,  as  Smoke  up  a 
Chimney.  Soon  after,  this  Canal  difappears, 
but  the  Boiling  up  of  the  Water  continues 
fome  Time  afterwards ;  and  fometimes  till  the 
Spout  forms  itfelf,  and  appears  anew,  which  it 
v/ill  do,  on  Occafions,  feveral  Times  in  a  quar¬ 
ter  of  an  Hour. 

The  real  Caufe  of  fo  uncommon  an  Ap¬ 
pearance,  and  fo  dangerous  to  approach,  is  as 
yet  but  little  known  j  but  Mr.  De  la  Pryme, 
from  a  near  Obfervation  of  two  or  three  of 
thefe  Spouts  in  Torkjhire^  conjedlures,  that 
they  are  a  Gyration,  or  whirling  of  Clouds, 
impelled  by  contrary  Winds,  meeting  in  a 
Point  or  Centre,  and  falling  down  in  a  great 
T ube,  fomewhat  like  Archimedes’  fpiral 
Screw,  where  the  greateft  Condenfation  and 
Gravitation  is,  by  its  working  whirling  Mo¬ 
tion,  abforb'j  g  and  raifing  the  Water  With 
a  prodigious  Force  ;  thus  deftroying  Ships  at 
Sea,  or  rending  off  Arms  of  Trees,  Thatch* 
of  Houfes,  as  it  has  fometimes,  in  pafl- 
ing  oyer  them,  done  at  Land, 

S  4  The 
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The  Diffolution  of  thefe  Spouts  may  be 
afcribed  to  the  Weight  of  the  great  Quantity  of 
Water  they  generally  have  taken  up,  which  im-  . 
pedes  the  Rapidity  of  their  Motion,  whereon 
their  Force  and  even  Exiftence  depends.  When 
they  break,  they  let, go  their  Contents,  which 
overwhelms  whatever  is  found  underneath.  To 
prevent  the  ill  Confequences  whereof,  our  Sea¬ 
men,  when  near,  endeavour  to  diRurb  and  break 
them,  by  N oifes,  and  the  firing  of  great  Guns, 
which  puts  the'  circumjacent  Air  'into  a  Tre¬ 
mor  and  a  Motion  different  to  and  oppofite 
in  fome  fort  to  that  whereby  they  are  im¬ 
pelled.  ‘  • 

To  conclude  this  Subjeft;  it  may  be  re¬ 
marked  in  general.  That  tho’  it  is  difficult  to 
affign  a  phyfical  Reafon  as  yet,  for  ali  the  Varie¬ 
ties  that  happen  in  the  Syflem  of  the  Winds,  by. 
Reafon  of  the  Multiplicity  of  Accidents  that 
happen  in'  the  natural  Courfe  and  Circumftance 
of  Things ;  yet  thus  much  do  we  know  for  cer- 
‘  tain,  that  in  hot  Climates,  where  Exhalations 
are  more  copious.  Hurricanes,. Tornadoes,  and 
more  violent  Storms,  are  common  and  ordi¬ 
nary.  In  the  temperate  Zones,  where  the 
Heats  are  lefs  powerful,  thefe  Appearances  are 
not  fo  frequent  or  fo  furious.  And  in  cold 
Countries,  where,  for  want  of  Sun,  the 
Air  is  always  pretty  denfe,  the  Winds  blow 
more  gently,  and  move  with  greater  Steadinels 
|:han  they  are  found  Sp  do  in  any  other  Parts 
of  the  Earth,  ' 

'  ‘  .  '  ,  ,  Th5 
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The  great  Service  the  Winds  are  of  to 
Mankind,  in  the  Way  of  Mill-work  and  Ma¬ 
chinery,  will  fcarce  bear  the  Mention,  when 
we  conlider  the  vaft  Advantages  the  World 
derives  from  Trade  and  Navigation,  By  the 
Subferviency  of  the  Winds,  Ships  of  prodigious 
Burden  are  conveyed  I'ound  the  Globe  with 
Speed,  Certainty -and  Eafe.  The  Earth  is  diC- 
covered  by  this  means,  the  Nations  are  civi¬ 
lized,  and  the  Redundancies  of  one  Country 
made  frequently  to  fupply  the  Deficiencies 
of  another.  This  again  bears  but  a  very  fmall 
Proportion  to  the  general  Benefit  thefe  Tides 
of  Air  are  of,  in  tranfporting  to  us  thofe  Par¬ 
ticles  of  Humidity  from  the  Ocean,  which 
form  the.  Clouds,  and  which  water  and  fer¬ 
tilize  the  Earth.  Were  it  not  for  thefe  frequent 
Commotions  in  the  Air,  the  Salubrity  of  it 
could  not  long  continue :  For  all  the  noifome 
Steams  and  offenfive  Vapours,  that  rife  over 
popular  Places  efpecially,  would  there  hang,  and 
ftagnating,  would  render  this  common  Maga¬ 
zine  of  fubtile  Bodies,  a  Mafs  of  corrupt,  pu¬ 
trid  and  infedtious  Matter. 

'j  - 


On  the  Natural  Caufes  of  Thunder, 
Lightning,  and  Meteors. 


AVING  occafionaily  mentioned  the  Ef- 
"X  of  fermenting  Matter,  in  produc¬ 
ing  Earthquakes  and  extraordinary  Storms  of 
Wind,  ouf  next  Enquiry  may  be,  how  far 
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the  fame  Caufe  may  be  concerned  in  the  Pro-., 
dudion  of  Thunder  and  Lightning  and  the 
other  Meteors  appearing  in  the  Regions  of 
the  Air. 

From  Obfervation,  the  Atmofphere  may  ve¬ 
ry  well  be  confidered  as  a  common  Recepta¬ 
cle  of  all  the  Vapours  exhaled  from  the  Earth  j 
and  we  fee  Effluvia  from  an  infinite  Number 
of  other  Bodies  do  afcend  therein  continually. 
All  manner  of  Scents,  for  Infirance,  whether 
proceeding  from  grateful  or  foetid  Bodies,  the 
Steam  and  Smoke  of  things  burnt  or  melted, 
the  Fogs  and  Vapours  arifing  from  damp  and 
watery  Places,  the  Emanations  from  nitrous 
and  fulphureous  Subftances,  thofe  iflliing  from 
acid  and  alkaline  Bodies,  and,  in  a  word,  what¬ 
ever  may  be  called  volatile,  rifes  in  the  Air, 
and  therein  finds  a  Place  according  to  their 
Several  Weights,  as  in  a  common  Magazine. 

Sulphureous  Steams  rife  from  Volca¬ 
no’s,  evidently  in  great  Abundance ;  the  Parts 
of  which  are  fo  very  fine,  and  have  fuch  a 
^  Repellency  in  them,  that  they  will  continue 
to  rife  even  in  an  exhaufted  Receiver,  as  may 
be  try’d,  by  writing  fomewhat  on  a  Paper 
with  folid  Phofphorus,  which  is  a  chymical 
Preparation  from  human  Urine,  ufually  kept 
in  Water  to  prevent  its  Evaporation  and 
Wafte.  This  being  put  under  a  Receiver,  will 
foon  become  vifible,  and  rife  into  a  kind  of 
lambent  Flame,  emitting  great  Quantities  of 
Steam,  but  will  not  fcorch  the  Paper  5  and  if 

voij. 
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you  exhauft  the  Receiver,  the  fame  Appear¬ 
ance  will  continue  with  very  little  Variation. 

Varenius,  in  his  Geography,  obferves,  that 
when  the  Spices  in  the  Iflands,  where  they 
grow,  are  ripe,  the  Seamen  can  perceive  it, 
merely  by  the  Smell,  at  the  Diftance  of  fe- 
veral  Leagues.  In  the  Azore  Iflands,  fuch  is 
the  corroflve  Q^lity  of  the  Air,  from  the 
various  Effluvia  mix’d  therewith,  that  the  Iron, 
and  even  the  Stones  of  the  Buildings  there 
molder  very  foon  :  Whereas  in  the  Province 
of  Chili,  in  America,  the  Q^Uty  of  the  Air 
is  fo  veiy  mild  and  friendly,  that  though  one 
puts  up  a  Sword  into  a  Scabbard  moifl,  there 
will  never  be  found  any  Rufl  upon  it.  Thefe 
different  Eftedfs  undoubtedly  proceed  from 
the  different  Particles  of  Matter  wherewith 
the  Air  in  thofe  Places  happens  to  be  impreg¬ 
nated. 

The  Effluvia  emitted  from  Bodies,  maybe 
reduced  to  two  principal  Claffes,  the  Acid  and 
the  Alkaline,  though  fome  there  be  that  ap¬ 
pear  to  be  neutral.  The  firfi;  generally  pro¬ 
ceed  from  Subftances  that  affedt  the  Tafte  in 
a  piercing  and  pungent  Manner  5  the  Points 
of  which  are  therefore  prefumed  to  be  fharp, 
rugged,  and  much  broken.  The  fecond  of¬ 
ten  rife  from  the  Subffances  formed  of  Parti- 

• 

cles  appearing  to  the  Tongue  tart,  rough  and 
deterflve.  Thefe  are  fuppofed  by  fome  to  dif¬ 
fer  from  each  other  both  in  Nature  and  Form  : 
Since,  whenever  two  Fluids  of  thefe  kinds  are 

mixed 
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mixed  together,  a  ftrange  Conflidt  and  Com¬ 
motion  immediately  enfues. 

This  may  poffibly  not  only  proceed  from 
the  Ineptitude  of  the  Parts  of  their  confti- 
tuent  Particles  for  uniting  and  coalefcing  j  but 
alfo  from  the  alternate  Attradlion  and  Repul- 
fion  of  their  Parts :  And  it  is  not  improbable, 
but  that  there  may  be  a  Polarity  in  many  o- 
ther  Parts  of  Matter,  as  v/ell  as  in  the  Mag¬ 
net  and  Iron,  in  which  they  are  certain  and 
inconteflable.  That  there  is  fuch  a  Property 
in  feveral  fixed  and  chryftaliz’d  Salts,  is  pretty 
apparent,  by  their  always  ranking  and  difpo- 
fing  themfelves  in  one  certain  unalterable  Man¬ 
ner,  as  often  as  they  are  reduced  from  a  fluid 
to  a  fixed  State, 

And  to  this  Ingenite  Property  of  Attraction 
and  Repulfion,  it  may  with  fufficient  Probability 
be  prefum’d,  that  the  inteftine  and  fermentative 
Motion  arifing  from  the  jumbling  together  and 
mixing  of  thefe  kind  of  Bodies,  is  principally 
owing.  The  acid  Particles,  for  Inftance,  in  mix¬ 
ing  Juice  of  Lemons  and  Salt  of  Wormwood, 
may  be  well  conceived  to  attrad  fome  of  the 
faline  Particles  ftronger  than  before,  a,nd  to  re¬ 
pel  others  with  as  great  a  Force,  according  as 
their  Poles  in  fuch  Mixture  chance  to  meet,  and 
Ixi  obverted  to  each  other ;  Hence  arifes  a  great 
Commotion  between  the  acid  and  alkaline  Cor- 
pufcles,  and  from  their  leaping  and  bounding 
alternately  into  and  out  of  each  other’s  Sphere 
of  Adivity,  being  themfelves  probably  alfa  of 

an 
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an  elaftic  Nature,  which  muft  neceffarily  en¬ 
courage  an  Ebullition,  and  often  bring  on  an 
Eftervefcence,  that  may  continue  till  all  the 
Particles,  both  acid  and  alkaline,  have  met  each 
other  at  their  proper  Poles  of  Attradion  j  which 
is  no  fooner  done,  but  the  Ebullition  ceafes, 
the  Mixture  fublides,  and  the  jarring  Particles 
then  feerri  united  in  a  friendly  manner. 

And  here  it  may  be  obferved,  that  the  Af¬ 
fair  of  Fermentation  is,  by  the  generality  of 
the  later  Philofophers,  allowed  to  be  one  of  the 
obfcureit  Procefles  in  Nature  j  and  in  a  great 
Meafure  a  Myftery,  to  which  their  Principles  of 
Inequalities  in  the  Attradions  of  Cohefion  of 
Bodies  do  not  fully  reach:  For  Inftance,  in 
the  Degree  of  Fermentation  caufed  between 
Solids  and  Fluids,  in  order  to  procure  their  Dif- 
folution,  the  Particles  of  the  former  are  by 
them  fuppofed  to  attrad  thofe  of  the  latter  with 
greater  Force,  than  either  thofe  of  the  Fluid 
or  of  the  Solid  attrad  one  another  ^  whence  the 
laid  Effed  is  thought  to  be  produced.  And  with 
Regard  to  the  Fermentation  of  Fluids  with 
Fluids  (or  the  Caufe  of  the  great  Variety  "of 
beautiful  Motions,  which  for  a  long  Time  to¬ 
gether  appear  in  Liquors,  which  either  ferment 
of  themfelves,  as  Muft  or  new  Wine,  or  that 
become  defecated  by  the  Addition  of  Yeaft  or 
other  fermentable  Matter)  they  do  fo  lamely  ac¬ 
count  for  the  inteftine  Commotion,  the  Bound¬ 
ing  and  Refilition  of  the  fmall  and  infenfible  Par¬ 
ticles  of  thofe  Bodies,  ariling  without  any  me¬ 
chanical  apparent  Caufe,  and  producing  fuch 

con- 
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confiderable  Alterations  therein,  even  tho’  the 
Elafticity  of,  the  Air  be  admitted  into  the  Pro- 
cefs,  that  the  abovementioned  Hypothefis  may  be 
receiv’d,  at  leafi  till  Principles  fhall  be  difcover’d  = 
that  will  better  correfpond  with  the  notable  Ac¬ 
tivity  of  fermenting  Matter,  than  a  fluggilh  In¬ 
equality  of  Attractions  and  Cohefions  feems  to 
do. 

It  may  however  be  objected,  that  this  of 
fermenting  with  an  Acid  is  fometimes  but  a  fal¬ 
lacious  Criterion  of  an  Alkali :  For  Oil  of  Vi¬ 
triol  is  the  ftrongeft  and  molt  concentrated 
Acid  we  know,  and  therefore  whatever  fer¬ 
ments  with  it  Ihould  be  of  an  alkaline  Nature : 
Whereas  ’tis  certain  that  it  will  ferment  with 
fome  Bodies  that  feem  to  be  neutral,  and  even 
with  fome  that  are  allowed  to  be  acid.  From 
a  Mixture  of  limple  Water,  Quicklilver,  Nitre, 
only  an  Elfervefcence  and  Heat  enfues ; 
and  thefe  are,  properly  Ipeaking,  neither  acid 
nor  alkaline.  Nor  does  the  flirong  Acid  be- 
forenamed,  mix,  without  fome  Commotion, 
vAth  RhenilliWine,  and  many  other  confelfed- 
ly  acid  Liquors. 

In  anfwer  to  this,  it  may  be  offered.  That 
tho’  the  Bodies  mention’d  may  appear  to  be  whol¬ 
ly  of  the  neutral  kind,  it  is  not  improbable  biit 
they  may  be  heterogeneous,  at  lead:  in  fome 
Degree :  And  tho’  the  Acid  and  the  Alkali  may 
fo  far  predominate  in  fome,  as  evidently  to  didin- 
guilh  to  which  Clafs  they  belong ,  or  they  may  be 
fo  happily  mixed  in  others  as  to  render  that  Mat- 
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ter  difficult ;  yet  when  either  of  thefe  come  to 
be  reinforced  by  the  Addition  of  frefh  Matter 
of  either  kind,  and  a  Commotion  and  Conteft 
happens  to  be  renewed,  it  may  prove  no  more 
than  that  the  Difcordancy  of  the  Particles  oppo- 
lite  in  Nature  is  continued,  which  before  were 
quiefcent,  as  being  then  equally  matched,  and  in 
the  State  of  two  equal  and  oppolite  Forces,  mu- 
tually  deftroying  each  other. 

Vo  L  a  T I L  E  Salts,  fuch  as  are  extradled 
from  Hartlhorn  and  the  likcj  are  of  the  alka¬ 
line  kind,  Thefe  are  known  eafily  to  evaporate 
and  be  diffolved  in  the  Air;  not  only  by  the 
llrong  Smell  continually  arifing  from  them,  but 
alfo  the  Abatement  of  their  Quantity,  if  they 
be  left  any  Time  unftopped.  Acids  do  the  fame 
thing,  but  in  a  lefs  Degree;  as  may  be  inferr’d 
from  the  lour  Smell  hanging  about,  and  riling 
from  Vinegar,  Spirit  of  Salt,  and  Things  of  that 
Tribe:  And  thefe  being  diftinguifhable  by  the 
Smell,  all  Bodies  that  on  the  Mixture  with 
them,  lhall  ferment,  may  be  prefumed  in  ge¬ 
neral  to  be  of  the  alkaline  Kind. 

Pa  r  t  I  c  l  e  s  of  Alatter,  luch  as  thefe, 
either  rifing^  of  themfelves,  as  being  lefs  denfe 
than  the  Air,  or  exhaled  from  dilferent  Soils 
in  the  various  Parts  of  the  Earth,  by  the  Heat 
of  the  Sun,  however  peaceful  and  innocent  in 
their  own  Nature  they  may  fimply  be,  yet 
meeting  with  and  being  mix’d  with  other  Par¬ 
ticles  of  a  different  and  a  difagreeing  Kind, 
may  begin  of  themfelves  to  ferment,  and  may  fo 

brilkly 
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brifkly  operate  on  each  other,  as  to  produce  very 
furprizing  EfFedtsj  of  which  any  one  will  be 
convinced^  that  has  feen  the  Mixture  of  two 
Liquors  of  this  Kind^  from  the  fuddeh  Fer¬ 
ment  and  Difcordancy  produced  thereby  j  as  of 
Spirit  of  Nitre  or  Aqua  Fortis,  and  the  Spirit 
of  Sal  Ammoniac,  or  Salt  of  Tartar,  Evert 
the  Effluvia  from  thefe  Bodies  meeting  in  the 
Air,  begin  a  Degree  of  Effervefcence,  and  thence 
become  fometimes  vifible.  Hence  it  is  rea- 
fonable  to  fufped;,'  that  our  ftinking  Fogs; 
which  have  ufually  alfo  fome  Degree  of  Heat, 
in  them,  are  thus  produced  by  the  Mixture  of 
Vapours  of  different  Kinds;  riling  from  the 
Earth  on  certain  Occalions; 

1'  - 

The  Salubrity  then  or  Unwholefomenefs  of 

the  Air,  in  general^  proceeds  no  doubt  from  the 
different  Combinations  of  the  heterogeneous 
Particles,  that  conftantly  make  their  Way  into’ 
it ;  And  healthful  Seafons  and  Situations  great¬ 
ly  depend  on  the  Effluvia  ariling  from  the  Soil 
of  the  neighbouring  Places,  or  what  happens 
to  be  wafted  in  the  W’^inds.  Many  of  which,- 
tho’  innocent  and  wholefome  in  themfelves, 
yet  being  rriixed,  may  become  hurtful  to 
Life ;  and,  on  the  contrary,  fuch  as  are  preju¬ 
dicial  thereto,  may  chance  to  .be  joined  with  Ef¬ 
fluvia  from  Matters  of  a  different  kind,  fo  as' 
to  have  their  Malignity  mitigated,  and  may 
thereby  become  indifferent,  and  even  healthful.- 

An  Inflance  of  the  latter.  Sort  may  be  produc’d- 
from  crude  Mercury,  and  the  Effluvia  raifed  frorti 

Vitriol^ 
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Vitriol,  common  Salt,  and  Nitre,  none  of  which 
are  pcifonous  alone ;  but  when  they  come  to 
be  mixed  in  the  Air,  being  fublimated  by 
Fire,  become  the  mod  deadly  of  all  Poifons, 
namely  the  Corrofive  Sublimate.  And  from  Che- 
miftry  we  farther  learn^  that  this  very  pernicious 
Poifon,  being  raifed  again  in  like  manner,  that 
is,  re-diblimed  with  other  Qmckiilver,  lofes  by 
Degrees  its  noxious  Quality,  and  becomes  the 
good  and  wholefome  Medicine  called  Mercu- 
rius  dukiSy  or  Calomel. 


It  may  here  be  obferved,  that  raifing  any 
of  thefe  Subdances  into  the  Air,  limply  and 
iinmixed,  makes  not  the  lead  Alteration  in  them ; 
dnce  Sulphur y  Camphire,  Sal  Ammoniac y  Mer-^ 
curyy  didilled  Waters,  and  even  Tin,  when  fub- 
limed  by  Fire  alone,  provided  the  Fumes  be 
intercepted  by  Glafs,  or  fome  other  folid  Matter 
properly  placed,  to  keep  them  from  a  total  Eva¬ 
poration,  will  be  converted  again  into  Bodies 
fully  poflefled  of  all  the  Properties  they  original¬ 
ly  had  before  the  Operation,  but  more  purified. 


T  HE  Atmofpherc  then  being  the  common 
Receptacle  of  all  fubtle  Matters  lefs  denfe  than 
itlelf,  it  cannot  be  difputed,  but  that  Particles 

J  -L 

of  very  difierent  kinds  are  condantly  rifing 
therein  in  great  Abundance.  And  as  acid  and 
alkaline  Matters,  on  meeting,  always  naturally 
and  evidently  begin  on  each  other  fome  De¬ 
gree  of  Fermentation  and  Effeivefcence,  we 
cannot  be  long  at  a  Lofs  for  the  Caufe  of  the 
ordinary,  but  fufficiently  dreadful  Phenomena 


ot 
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of  Thunder  and  Lightning.  It  is  therefore 
more  than  probable,  that  the  Parts  of  the  At- 
mofphere  next  the  Earth  may  abound  with 
fpirituous  Particles,  perhaps  of  the  nitrous  kind  j 
and  that  at  certain  Times,  and  on  certain  Oc- 
cafions,  other  Particles  may  be  exhaled  from 
the  Earth,  of  a  fulphurous,  unduous,  or  com- 
buftible  Nature,  which  will  ad  vigoroufly  on 
each  other,  and  take  Fire,  when  they  are 
brought  up  to  a  certain  Degree  of  Heat  by 
Fermentation. 

There  may  alfo  be  a  thin  kind  of  Va¬ 
pour,  Damps  or  Steams  arifing  from  mineral 
and  fubterraneous  Bodies,  which  being  let  loofe 
into  the  Air,  and  meeting  with  the  Nitre 
or  other  Salts  thereof,  though  neither  of 
thefe  may  have  any  fenfible  Degree  of  Heat 
in  them  feparately,  will  ferment  and  ad  fa 
brilkly  on  each  other,  as  to  produce  an  adual 

Flame. 

This  is  what  has  often  happened  in  Mines, 
and  efpecially  if  they  chance  to  be  kindled,  as 
they  fometimes  are,  by  the  Lights  the  Workmen 
ufe ;  though  Very  often  they  fulminate  of  them- 
felves,  and  then  the  whole  Train  of  Matter, 
mixed  with  the  contiguous  Air,  will  immedi¬ 
ately  take  Fire,  and,  like  a  Train  of  Gunpow¬ 
der,  run  from  one  End  of  the  Vapour  to  the 
other.  And  this  is  done  with  that  Swiftnefs  and 
Violence,  that  it  frequently  deftroys  the  Mi¬ 
ners,  blows  up  their  orks.  and  produces  as 
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Fatal  Effefts  as  if  a  Qmntity  of  Gunpowder 
Iiad  been  fired  in  the  Mine. 


Something  of  this  kind  may  be  obtained 
from  Experiment,  by  putting  fome  iron  Filings 
into  Spirit  of  Vitriol  in  a  Phial;  ftop  them 
a  Ihort  Space  together,  and  a  Fume  will  rife 
from  this  Mixture,  that  will  fulminate  when 
apply’d  to  the  Flame  of  a  Candle.  One  Part 
whereof  being  kindled,  ’twill  immediately  be 
communicated  to  the  whole,  the  Fume  be¬ 
ing  denfe,  much  as  all  the  Parts  of  a  Quantity 
of  pounded  Relin,  thrown  from  the  Hand  in¬ 
to  the  Air,  near  the  Flame  of  a  Candle,  feems 
to  blaze  all  at  once ;  which  is  the  Manner  in 
whichs  at  the  Theatres,  Artificial  Lightning  is 
made. 


f 

No  fobner  lhall  the  Mixture  jull  above  pro- 
pofed  be  made,  but  ’twill  fall  immediately  into 
Motion,  and  quickly  become  fenfibly  warm  to 
the  Hand  ;  and  no  one  that  has  feen  the  fudden 
Fermentj  the  vigorous  Ebullition  and  Elfervef- 
cence  frequently  produced  between  Bodies  of 
this  difcordant,  jarring  Nature,  but  will  readilv* 
allow,  they  can  only  be  brought  about  by  the 
reciprocal  and  vigorous  Adtion  of  their  Par¬ 
ticles  upon  each  other. 


Ther  E  are  indeed  Experiments  wherein  fuel). 
Mixtures  are  found  to  bring  on  a  Degree  of  in- 
tenfe  Cold,  fenfible  to-the  Hand  as  well  as  Ihewn 
by  the  Thermometer ;  and  by  which  our  artifi¬ 
cial  Congelations  are  efiedted.  As  the  former,  by 
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the  Adivity  and  Repellency  of  their  Particles, 
heat  and  rarefy  the  compound  Fluid ;  fo  thefe, 
from  a  Prevalence  of  Attradion,  perhaps,  and 
from  an  Aptitude  6f  their  Parts  to  unite,  fall 
into  and  fill  the  Interftices  of  each  other,  when 
the  Commotion  ceafes,  become  thereby  con- 
denfed ;  And  ’tis  obfervable,  that  Bodies  are 
generally  cold  in  Proportion  to  their  Denfity. 
Hence  it  is  that  Water  is  always  colder  than 
Air,  and  Mercury  than  Water;  Plaifter  than 
Boards,  and  Marble  than  Plaifter. 

It  has  been  faid,  that  a  convenient  Mix¬ 
ture  of  Sulphur  and  Filings  of  Steel,  with  a 
little  Water  ftirred  brifkly  together,  will  not 
only  produce  a  great  Effervefcence,  but  will 
fometimes  break  out  into  an  adual  Flame. 
From  fomething  of  a  like  Caufe  probably  pro¬ 
ceeds  the  extraordinary  Heat  found  in  the  Bath 
Waters,  and  other  hot  Springs;  wherein  two 
Waters,  of  themfelves  adually  cold,  flowing 
through  Veins  of  chalybiate  and  fulphurous 
Matter,  within  the  Earth,  on  mixing  together 
may  produce  this  Efted. 

In  the  lame  Manner  alfo  we  account  for  the 
Conflagrations  of  /Etna  in  Sicily,  V efuvius  in 
Naples,  and  all  other  Volcano’s  or  burning 
Mountains.  Thefe  were  kindled  at  firft,  no 
doubt,  by  the  Difcordancy  of  a  fit  Mixture 
of  Sulphur  and  Particles  of  iron  Matter  in  the 
Bowels  of  the  Earth,  which,  when  the  Fer¬ 
ment  was  become  fufiiciently  ftrong,  broke  out 
into  a  Flame,  that  has  burnt  for  many  Ages, 
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and  which  will  continue  to  burn  fo  long  as  Mat¬ 
ter  thall  be  found  for  a  Supply  in  thofe  Places. ' 
The  great  and  fudden  Eruptions  they  fome- 
times  make,  are  probably  occalioned  by  the 
Influx  and  AccefTion  of  new  Matter,  that,  in 
the  Courfe  of  the  Conflagration,  gets  vent  in 
the  Chafm.  And  from  a  like  Caufe,  as  has  been 
already  hinted,  the  Earthquakes,  ufual  in  thefe 
Places,  fufliciently  dangerous,  are  juftly  thought 
to  proceed. 

The  Effedls  of  Thunder  and  Lightning  are  fo 
like  thofe  of  fired  Gunpowder,  that  they  be  rea- 
fonably  judged  to  proceed  from  the  fame,  or 
nearly  a  like  Caufe.  The  principal  Ingredients 
of  that  mifchievous  Compofition  are  Nitre,  Sul¬ 
phur,  and  Charcoal  pounded  together  5  which  lafl: 
being  by  Nature  light  and  apt  to  take  Fire,  is  ad¬ 
ded  only  to  keep  the  Parts  of  the  other  Ingre¬ 
dients  at  a  due  Diflrance,  that  they  may  be  fud- 
denly  kindled,  and  to  increafe  the  Blaflr.  When¬ 
ever  then  proportionable  Q^ntities  of  nitrous 
and  fulphurous  Vapour  chance  to  be  admitted 
into  the  Air,  and  thofe  by  any  Accident  there 
take  Fire,  their  Explofion  mufl:  be  attended  with 
both  the  Flame  and  Noife  obferv’d  in  fired  Gun¬ 
powder  ;  which  being  once  enkindled,  the  Train 
may  be  well  expefted  to  run  from  Place  to  Place, 
as  the  Vapour  leads,  and  with  the  like  Elfedls. 
And  it  may  be  obferved,  that  for  this  Reafon,  the 
Flafhes  of  Lightning  feem  one  while  to  dart  right 
forward,  at  other  Tirnes  to  vibrate  hither  and  thi¬ 
ther,  according  to  the  Courfe  of  the  inflammable 
Matter,  and  as  it  fucceffively  takes  Fire. 

T  3  Light- 
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Lightning  is  more  or  lefs  dangerous,  ac¬ 
cording  as  the  enkindled  Vapours  happen  to 
be  more  or  lefs  denfe.  If  from  its  Rarity  it  af- 
cends  pretty  high  in  Air,  it  there  fialhes  with¬ 
out  doing  any  great  Harm :  If  it  be  denfe,  and 
hangs  about  the  Earth,  it  whizzes  about  our 
Ears,  fweeps  along  the  Ground,  deftroys,  or 
at  leaf!  drives  away  the  Air  wherewr  the  Tor¬ 
rent  comes,  kills  Men  and  Cattle,  and  does  a 
deal  of  Mifchief, 

That  kind  of  Lightning  which  makes  the 
greateft  Hayock,  is  obferved  moft  frequently  to 
take  Fire  in  the  upper  Regions  of  the  Air, 
whence  it  ufually  comes  flanting  downwards 
towards  the  Earth,  and  often  diredts  its  Force, 
being  perhaps  thereby  drawn  in  a  manner 
to  a  focal  Point,  againft  a  Tree  or  Tower,  or 
Ibme  eminent  Objedt,  on  which  it  often  pro¬ 
duces  furpriling  Effedls,  by  piercing  and  divid¬ 
ing  the  moft  intimate  Parts  of  hard  Bodies,  and 
writhing,  rending,  and  contorting  thofe  that  are 
tough  in  a  ftrange  and  very  violent  manner 
Thefemore  noxious  B1  arts  probably  proceed  from 
the  gradual  Rife  of  Clouds  of  Matter,  proper 
for  Fulmination,  from  the  Earth,  in  thefe  ftor- 
my  Seafons ;  the  upper  Parts  of  which  meet¬ 
ing  with  fit  Matter,  either  found  in,  or  pro¬ 
duced  by  the  Air,  come  to  be  firft  fermented, 
and  then  taking  Fire,  purfue  the  Track  of  the 
riling  Vapour  to  the  very  End,  where  perhaps  a 
great  Part  of  the  F orce  of  the  whole  Blaft  may 
be  made  to  concenter,  fomething  like  the  Rays 
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of  Light  refraded  into  the  focal  Point  of  a 
Burning-glafs,  with  fuch  a  reftlefs  and  impetu¬ 
ous  Force,  as  may  diffolve  one  hard  Body,  cal¬ 
cine  another,  perforate  a  third,  entirely  change 
the  conftitutional  Parts  of  a  fourth,  by  giv¬ 
ing  them  another  Direction,  and  fo  on.  At 
the  fame  time,  it  has  been  frequently  ob^ 
ferved,  that  this  impetuous  Flame  which  me¬ 
naces  Mortals  thus  magifterially,  and  rives  and 
reduces  to  Atoms  the  hardeft  Things,  will  often 
pervade  Bodies  of  a  loofer  Texture  without 
Harm :  For  it  has  fometimes  not  finged  the  Purfe 
wherein  it  has  melted  the  Money  ;  and  at  o- 
ther  times  dillblved  the  Sword,  without  damag¬ 
ing  the  Scabbard. 

What  we  call  Thunder,  is  produced  merely 
by  the  fudden  and  violent  Motion  of  the  Air 
contiguous  to  the  Flafh,  in  endeavouring  im¬ 
mediately  to  thruft  itfelf  into  the  Vacuity  there¬ 
by  made.  This  frequently  fhakes  the  whole 
nervous  Syftem  of  Animals,  and  always  af- 
fedls  the  Ear  in  the  fame  Manner  as  does  the 
Explolion  of  Fire-arms,  or  the  Burfting  of  a 
Bladder,  when  the  Air  is  drawn  from  under 
it  by  the  Air-pump :  This  Experiment  is  men¬ 
tioned,  Page  172.  Now  it  is  impoffible  that 
the  rending  of  a  Bladder,  which  tears  like  a 
Piece  of  brown  Paper,  fhould  produce  any 
fuch  Elfedt.  But  as  the  whole  Body  of  the 
adjacent  Air  moves  on  that  Occalion,  to  make 
good  and  fill  the  Vacuity  made,  this  is  what 
affeds  the  Organ  of  the  Ear,  in  the  manner  fpo- 
ken  of :  And  ’tis  thence  reafonable  to  conclude, 

T  4  that 
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that  all  the  Vacuities  made  therein,  whether 
produced  by  adlual  Flame,  or  otherwife,  will 
always  be  attended  with  the  like  Eftedl. 

From  the  continued  Length  of  a  Clap  of 
Thunder,  and  from  its  various  Degrees  of  Loud- 
nefs,  it  may  be  concluded,  that  the  Lightning 
really  is  a  Track  of  running  Fire  j  which 
though  it  may  feem  to  be  inflantaneous,  and 
to  fill  as  it  were  the  Hemifphere  with  Flame 
at  the  fame  Time  ;  yet  is  it  propagated  fuccef- 
fively,  and  from  different  Diftances,  as  will  ap¬ 
pear  by  the  gradual  coming  of  the  Clap  there- 
3y  produced,  to  the  Ear,  and  with  a  different 
Degree  of  Force. 

How  far  off,  or  how  near  we  are  to  the  Dan¬ 
ger  attending  this  War  of  Elements,  may  in  ge¬ 
neral  be  eftimated  by  the  Length  of  the  In¬ 
terval  between  our  Seeing  the  Flafh,  and  Hear¬ 
ing  the  Clap  of  Thunder.  For  though  they 
are  inflantaneous,  and  both  produced  in  the 
fame  Moment,  yet  Light  moving  by  many 
Degrees  fafler  than  Sound,  they  come  to  our 
Senfes,  atid  affedl  our  Nerves  fucceffively.  The 
Motion  of  Light  is  difcovered,  by  the  Eclipfes 
of  ’Jupiter' 't>  Satellites,  to  move  progreflively  at 
the  Rate  of  about  ten  Millions  of  Miles  in  a 
Minute ;  fo  that  we  may  very  well  take  the 
Time  of  our  feeing  the  Flafli,  coming  from  a 
Cloud  often  within  lefs  than  a  Mile  of  the 
Earth,  for  the  very  Inflant  of  the  Explofion : 
Whereas  Sound,  by  good  Experiments,  is  found 
to  jiioye  but  at  about  the  Rate  of  one  thoufand, 

one 
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one  hundred  and  fifty  F eet  in  a  Second.  We  may 
therefore,  in  round  Numbers,  reckon  that  fo 
many  Seconds  as  pafs  between  the  Lightning 
and  Thunder,  fo  many  thouland  Feet  at  leafi; 
is  the  Mifchief  from  us.  And  if  thefe  happen 
to  be  confiderably  great,  and  immediately  Suc¬ 
ceed  one  another,  they  may  rightly  be  judged 
to  be  very  near  at  hand. 

Chemistry  will  furnifh  us  with  feveral 
Subjedls,  peaceable  and  quiet  in  themfelves,  but 
which  will,  the  Moment  they  are  mixed,  ftart 
into  an  adbual  Flame.  Of  this  fort  are  mofi; 
of  our  diftill’d  Oils,  thofe  from  Vegetables  ef- 
pecially,  which  are  full  of  Salts,  as  appears  by 
their  finking  in  Water ;  and  mofi;  of  the  acid 
Liquors  immediately  fermenting  with  them, 
iTiew  them  alfo  to  be  of  the  alkaline  kind.  If, 
for  Example,  we  take  a  few  Drops  of  Oil  of 
Cloves,  or  Oil  of  Guaiacum,  and  pour  a  fmall 
Quantity  of  double  Aqua  Jortis,  or  rather 
Glaubers  compound  Spirit  of  Nitre,  on  them, 
diftilled  from  Salt-Petre  and  Oil  of  Vitriol, 
a  very  ftrong  Ferment,  accompanied  with  Flame, 
and  if  the  faid  Spirit  of  Nitre  be  new,  firong, 
and  very  pure,  an  Explofion  will  alfo  follow. 
The  Manner  of  which  is  reprefented  Fig.  1 1 . 
Plate  9.  To  this  may  be  added  a  fmall  Qi^ntity 
of  Gunpowder,  to  be  fired  on  the  Effervefcenc# 
of  the  other  Ingredients,  for  no  other  Purpofe 
’  than  purely  to  augment  the  Inflammation, 

t 

It  mufl:  not  be  expedled,  however,  that 
from  hence  we  fliould  precifely  determine  the 

•  ^  pav 
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particular  Species  of  Effluvia  which  compofe 
the  Mixture,  that  floating  in  the  Air  will  fer¬ 
ment,  kindle,  and  flafliing  like  Gunpowder,  oc~ 
cafion  thofe  Exploflons  and  rapid  Streams  of 
Fire  ordinarily  called  Thunder  and  Lightning. 
But  that  there  is  in  Lightning,  very  probably, 
a  Mixture  of  fulphurous  Vapour,  appears  in 
great  meafure  from  the  fulphurous  Smell  that 
commonly  attends  it.  Sultry  Heats,  a  heavy- 
loaded  kind  of  Air,  are  ufually  the  F orerunners 
of  it.  And  the  frequent  Confl:ernation  of  the 
Inhabitants  of  the  Kingdom  of  Naples,  where 
Sulphur  greatly  abounds,  on  Account  of  Earth¬ 
quakes,  and  this  kind  of  Storm,  both  proceed¬ 
ing,  as  has  been  faid,  from  nearly  a  like  Caufe, 
is  an  Intimation  that  Sulphur  may  very  reafon- 
ably  be  admitted  as  one  principal  Ingredient 
therein. 

And  that  Lightning  has  in  it  a  nitrous  Va¬ 
pour,  or  fome  other  Salt  of  equal  Virtue  and 
Strength,  is  at  leaft  probable  for  feveral  Rea- 
fons.  One  is,  from  the  very  great  Advantage  Rain 
and  melted  Snow,  both  which  cannot  but  be 
well  impregnated  with  Air  and  all  its  Salts,  have 
over  other  Water  in  the  Way  of  Vegetation  j 
to  the  former  of  which  it  feems  fo  very  material 
and  neceffary,  that  even  the  Weeds  at  the  Bot¬ 
tom  of  Rivers  are  not  obferved  to  grow  or  flioofc 
but  in  wet  and  ihowery  Weather. 

A  fecond  Reafon  may  be  deduced  from  the 
Difference  of  Colour  obfervable  between  the  ve- 
pal  Blood,  'svhich  is  blackifh,  and  the  arterial 

Bloody 
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Blood,  which  is  of  a  florid  red.  The  laft  of 
thefe  having  newly  circulated  thro’  the  Lungs, 
and  therein  been  mixed  with,  or  at  leafl:  cool’d 
and  refreflied  by  the  Air  infpired,  immediately 
becomes  of  a  brighter  Colour :  Whereas  the  for-: 
mer,  having  received  that  Benefit  but  fome- 
time  before,  feems  to  want  that  Advantage. 
Befides,  the  Blood  ifluing  from  the  Veins  is  ob- 
ferved  to  become  immediately  florid,  if  a  Piece 
of  Saltpetre  or  fome  other  Salt  be  put  into  the 
Bafon,  and  the  Serum  or  wheyifli  Part  of  it 
grows  thereupon  pellucid  as  Water.  It  may  alfo 
be  farther  obferved,  that  however  black  the 
Blood  may  appear  when  the  Vein  is  firfl:  open¬ 
ed,  it  foon  grows  more  florid  when  it  has  flood 
^  little  in  the  Air. 


And  thirdly,  Saltpetre,  or  Nitre  itfelf,  gene¬ 
rates  Air  in  Plenty,  as  is  evident  by  putting  a 
Piece  of  it  into  a  flrong  bright  Afli-lye,  which 
is  ufually  fo  replete  with  other  Salts,  that  have 
fo  well  filled  up  the  Interflices  of  that  Fluid  as  to 
have  difpofleffed  it  entirely  of  the  Air;  and 
from  which  alone  in  Vacuo  therefore  no  Air  will 
feem  to  rife ;  but  from  the  Saltpetre  at  Bottom 
It  may  be  obferv’d  then  to  iflTue  very  fafl. 

Till  the  Air  can  be  perfedlly  analized, 
’twill  be  impoflible  to  fpeak  of  its  conflituent 
Parts  with  the  defired  Certainty.  And  tho’  it 
mufl  be  allowed  that  there  are  other  Methods 
known  ofrendringWatervegetative,  and  of  mak¬ 
ing  the  Blood  florid,  without  the  Help  of  Nitre ; 
'^nd  tho’  Dr.  Hales  has  put  the  Admiffion  of 

Air 
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Air  into  the  Compofition  of  almoft  every  Thing 
as  well  as  Nitre,  pall  all  Doubt ;  yet  as  there  is 
nothing,  we  are  inform’d  of,  capable  of  fo  fud- 
den  or  fo  violent  a  Degree  of  Explolion  as 
Nitre  is;  therefore  the  Philofophers  chufe  to 
offer  that  as  a  neceflary  and  probable  Ingredi¬ 
ent  of  the  Phsonomenon  under  Confideration. 

Some  Corrufcations  or  Flafhings  there  are, 
which  in  ferene  Weather  feem  to  glide  from  the 
Zenith,  or  upper  Region,  often  towards  the  Ho¬ 
rizon,  without  Symptoms  of  Noife  or  Violence, 
called  flying  Dragons  or  {hooting  Stars.  Thefe 
doubtlefs  proceed  from  much  the  fame  Caufe 
as  the  Lightning.  Certain  V apours  exhaled  from 
*  the  Earth  by  the  Heat  of  the  Sun  to  fuch  a 
Part  of  the  Atmofphere  as  may  afford  them 
Matter  fit  for  Ignition,  being  lighted  as  above 
at  one  End,  and  being  of  no  great  Breadth,  the 
Flame  runs  ffeadily  forward ;  juff  as  a  fmall  and 
even  Train  of  Gunpowder  fired  in  the  Air 
would  apperr  to  do. 

There  are  other  Kinds  of  Flafliings  fome- 
times  feen  in  the  Air,  fuch  is  the  Aurora  Bo¬ 
realis,  thofe  Glades  or  Gleams  of  Light  that 
have  of  a  long  time  appeared  Northward,  and 
of  late  have  frequently  been  obferved  in  our 
own  and  ftill  more  fouthern  Climates  in  ferene 
Weather.  Thefe  feem  to  bear  fome  Affinity 
to  the  Lights  juft  mentioned,  and  are  probably 
produced  from  fomething  of  a  like  Caufe. 

W  E  know  from  Experiment  that  there  are 
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fome  Steams,  fuch  as  inflammable  fulphurous 
ones,  which  are  capable  of  fo  great  a  Degree 
of  Expanflon,  that  they  become  ifpecifically 
lighter  than  the  Air  tliey  float  in,  even  tho’  ren¬ 
dered  as  rare  as  well  it  can  be  .by  Art  (which,  as 
was  before  obferved.  Page  154,  is  within  one 
fixtieth  Part  of  Perfedlion)  For  they  will  rife 
to  the  Top  of  an  exhaufled  Receiver,  and 
there  adhere  :  Thole  of  Gunpowder  fired  in 
V acuo  in  particular  will  do  this,  and  fo  will  all 
fuch  whole  Particles  have  fo  great  a  natural  Re- 
pellency  in  them,  as  to  produce  this  Effect. 

C 

••  < 

Steams  or  Exhalations  therefore  of  this  kind 
riling  from  the  Earth  out  of  Mines,  V olcano’s,  &c. 
muff  necellarily  be  buoy’d  up  towards  the  Top 
of  the  Atmofphere  (and  that  they  are  fo,  ap¬ 
pears  from  their  being  vifible  in  many  Coun¬ 
tries  at  the  fame  Time  :  As  was  that  famous  one 
xnMarch  1716,  feen  from  the  Well  of  England 
to  the  Eaft  of  Poland^  over  thirty  Degrees  of 
Longitude,  and  perhaps  a  great  way  farther) 
or  that  rife  at  leaft  till  they  come  into  a  Region 
where  the  Air  is  expanded  as  much  as  by  the 
Air-pump  can  be  done. 

T  HESE  Effluvia,  according  to  the  ingenious 
Mr.  Rowning,  in  his  late  Treatife  on  thefe 
Suhjedts,  being  thus  generally  raifed  totheTop  of 
the  Atmofphere,  or  near  it,  and  floating  there, 
will,  as  he  fuppofes,  be  necelTarily  carried  towards 
the  polar  Parts  of , the  Earth.  Firft,  becaufe 
the  fuperior  Current  of  the  Air  to  a  great 
Dillance  from  the  Equator,  is,  from  the  gene¬ 
ral 
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ral  Rarefa£lion  by  the  Sun’s  Heat  there  made^ 
conftantly  prefumed  to  be  that  Way.  And,  Se¬ 
condly,  becaufe  from  Experience  we  know,  that 
whatever  fwims  upon  a  Fluid  which  revolves 
upon  an  Axis,  as  the  Atmofphere  does,  is  by 
fuch  Rotation  carried  toward  that  Axis.  This 
probably  may  be  the  Cafe  of  thefe  Effluvia,  and. 
therefore  their  Appearance  is  generally  made  near 
the  polar  Parts  of  the  Earth  ;  when,  being  there 
colledted,  of  an  inflammable  Nature  in  them- 
•felves,  and  meeting  with  other  heterogeneous 
Particles  in  thofe  Regions,  proper  to  produce 
fuch  an  Effedt,  they  appear  to  emit  Streams  of 
-Light,  become  fucceffively  confpicuous,  feem 
to  glimmer  as  they  rife,  and  being  very  thin,  > 
are  foon  confumed  and  difappear,  without 
making  the  leaft  Noife,  or  doing  any  Mif- 
chief. 

As  to  tire  Objedlion  commonly  made  to  this 
and  the  like  Hypothefes ;  Where  were  thefe  fup- 
pofed  Effluvia  when  xht  Lumen  Bor ealevfzi  fcarce 
ever,  or  according  to  Hiftory  very  rarely  feen  ? 
It  may  be  anfwered ;  Firft,  that  the  Vapours 
of  which  Clouds  are  formed,  never  rife  fo  high 
as  the  Region  in  which  the  Matter  of  this 
Light  is  from  late  Obfervations  known  to  float ; 
It  is  therefore  not  inconfiftent  with  the  The¬ 
ory,  if  it  be  often  intercepted  from  our  Sight 
by  the  Interpofition  of  Clouds  below.  Second¬ 
ly,  that  the  Rife  of  the  Emanations  fpoken  ofj^ 
is  purely  accidental,  and  may  depend  on  feve- 
ral  concurrent  CircumEances.  It  may  reafon- 
ably  be  prefumed,  for  Inftance,  that  the  Air, 

or 
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or  Earth,  or  both,  may  be  fometimes,  tho’ 
but  leldom,  and  perhaps  with  very  great  In¬ 
tervals,  difpofed  to  produce  this  Phaanomenon ; 
juft  as  fome  Seafons  and  fome  Years  are  found 
to  be  incommoded  with  Thunder  and  Light- 
nii  g ;  whereas  in  others  little  or  nothing  of 
that  Sort  appears. 

As  to  the  Ignes  fatui^  the  Will-o’-Wilps, 
and  fuch  Appearances  as  are  feen  by  Night, 
near  the  Earth,  about  Pools  and  watery  Places, 
they  are  of  the  lame  Claft  and  Tribe:  But 
being  a  more  heavy  kind  of  Vapour,  and  one 
that  hangs  about  fhofe  Places,  they  burn, 
more  flowly,  and  like  a  lambent  Flame,  hav¬ 
ing  wavered  a  while  too  and  fro,  they  com¬ 
monly  die  much  about  the  Place  where  they 
had  their  Birth. 

Flame  is  a  moft  elaftic  Fluid,  and  ’tis  ge¬ 
nerated  by  the  vigorous  Activity  of  the  mi¬ 
nuter  Parts  of  Matter  one  upon  another.  Thus 
Flame  may  be  produced  by  the  violent  Rub¬ 
bing  of  two  Boards  together  ;  nor  is  Flame 
any  other  than  an  enkindled  Smoke :  For  Bo¬ 
dies  do  not  flame  without  emitting  a  copious 
Fume;  and  the  Parts  neareft  the  fuming  Bo¬ 
dy,  or  the  hotteft,  are  what,  form  the  Flame. 
Smoke  pafling  thro’  Flame,  cannot  but  grow 
red-hot ;  and  red-hot  Smoke  can  have  no 
other  Appearance  but  that  of  Flame, 

All  inflammable  Bodies,  as  Oil,  Tallow, 
Wax,  Wood,  Pit-coal,  Pitch,  Sulphur,  Gums, 

and 
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and  the  like,  by  flaming,  wafte  and  vanifli  in*^ 
to  burning  Smoke.  If  the  Flame  be  extinguifh- 
ed,  they  linell  very  ftrongly,  and  the  Smoke 
is  then  very  thick  and  vifible :  Whereas  by  the 
Flame  more  of  the'combufliible,  undluous  Parts 
are  confumed  and  lofl;,  and  then  the  Smoke  is 
not  fo  copious,  nor  the  Smell  fo  flirong. 

In  diflilling  hot  and  ardent  Liquors,  if  the 
Head  of  the  Still  be  removed,  the  Vapour 
will  all  take  Fire  at  the  Flame  of  a  Candle ; 
the  Fume  will  in  that  Cafe  be  all  turned  into 
Flame,  and  from  the  Suddennefs  of  it  ’twill 
acquire  a  mifchievous  Force,  like  that  of  fired 
Gunpowder  j  the  Spring  whereof  we  experimen¬ 
tally  fee  is  able  to  overcome  the  Tenacity  and  Co- 
hefion  of  any  Bodies:  Twill  lift  and  rend  even 
Rocks  and  Baftions,  provided  it  be  thoroughly 
confin’d,  and  the  Abutments  good.  This  is  the  Cafe 
of  Mines  that  are  fprung  with  any  Succefs,  and 
of  the  Bullets  and  Bombs  projefted  from  the 
Chambers  of  Ordnance  and  the  Barrels  of  Fire¬ 
arms:  If  any  of  thefe  get  Vent,  the  Projedl 
certainly  mifcarries. 

Now  there  is  no  Flame  to  be  raifed  from  any 
Subftances,  befides  that  of  Gun-powder,  that 
will  bear  to  be  comprefs’d  without  being  ex- 
tinguiflied ;  but  the  Intenfity  of  this  is  fuch, 
that  being  once  raifed,  it  cannot  be  put  out 
In  all  Explofions  made  thereby,  it  muft  be  al¬ 
lowed,  that  a  few  Corns  of  it  can  only  take 
Fire  at  firfl ;  and  that  the  Flame  ipreads  and 
increafes,  till  the  Spring  thereof  becomes  not  only 
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tin  Equilibrium,  but  alfo  often  greatly  over-* 
powers  and  furprizingly  projeds  the  Weight,  to 
be  removed.  Elence  a  Quantity  of  Powderj 
confin’d  in  the  Barrel  of  a  Piece,  will  lift  a 
much  greater  Weight  than  a  like  Quantity 
fired  beneath  it  in  the  open  Air ;  and  for  the. 
fame  Reafon^  a  Charge  of  Powder,  with  a  Wad 
upon  it,  .will  do  greater  Execution  than  an 
equal  Quantity  thrown  loofely  into  the  Piece 
and  fo  fired. 

That  all  the  Powder  is  feldom  burnt  be¬ 
fore  the  Explofion,  and  therefore  the  Spring 
of  an  ordinary  Charge  of  Powder  is  never 
brought  to  the  higheft  Pitch  it  might  be,  ap¬ 
pears  from  the  T rail  of  Powder  obferved  com¬ 
monly  to  lie  fcattered  on  the  Snow  near  the 
Muzzle  of  the  Piece  in  Fowling  :  And  if  a 
Charge  of  Powder  be  fired  pretty  near  againft 
a  Mark  fmeared  over  with  Wax  or  Tallow. 

2! 

’tis  odds  but  many  Grains  of  unburnt  Powder 
will  be  found  Ricking  thereon. 

The  rifHed-barrel’d PiRols  therefore,  that  Is, 
fuch  as  by  the  Narrownefs  of  their  Bore  keep 
the  Powder  longer  confined  before  the  Explofion 
of  the  Ball,  are  found  to  do  greater  Execution 
than  thofe  of  equal  Dimenfions  without  fuch  an 
Advantage.  And  in  general  it  may  be  obferved, 
that  thofe  Fufils  which  have  their  Touch-holes 
fo  dilpofed,  as  mofl  readily  to  communicate  the 
Flame  to  the  greateft  Part  of  the  Charge,  and 
to  light  it  more  equally  before  the  going  off  of 
die  Piece,  will  always  kill  at  fartheli  DiRance. 

U  And 
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And  for  the  fame  Reafon  it  is,  that  the  longeft 
Guns  with  equal  Charges  of  Powder,  are  alfo 
generally  found  to  have  this  Eftedl. 

Gunpowder  fired  in  Vacuo,  and  when 
the  Refinance  of  the  Air  is  removed,  makes 
no  Explofion  at  all  j  but  goes  off  Corn  by 
Corn,  as  if  they  were  fingly  lighted.  This 
Experiment  is  reprefented  9.  Fig.  10.  A 
is  a  Receiver,  with  a  Refervatory  for  Gun¬ 
powder  at  Top.  P  is  a  red-hot  Iron  put  in 
before  Exhauftion  at  Bottom.  If  when  it 
is  exhaufted,  a  fmall  Quantity  of  Powder  be 
let  down  from  A  hy  ^  Contrivance  paffing 
thro’  a  Collar  of  Leathers,  which  will  allow 
of  the  Hiding  of  a  Wire  without  admitting 
any  Air,  the  forementioned  Experiment  may 
eafily  be  made.  But  if  it  be  feveral  times  re¬ 
peated,  the  Exhauftion  ought  to  be  continued 
to  prevent  Mifchief  j  becaufe  the  firing  of  the 
Powder  generates  Air,  as  may  be  obferved  from 
the  finking  of  the  Mercury  during  the  Ope¬ 
ration  in  the  Gage-tube. 

On  the  Rife  (^Vapours,  their  For¬ 
mation  mto  ^  Cloud,  atid  their 
Refolutiojt  into  R  AIN,  &‘c. 


tT  cannot  be  denied,  but  that  the  Air  is  at 
all  times  more  or  lefs  full  of  humid  Par¬ 
ticles,  as  appears  by  their  falling  in  anexhauft- 
ing  Receiver,  producing  tlie  Halo,,  and  the  other 
Experiments  of  the  fame  Sort  mentioned  Page 

235^ 
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235,  and  the  following.  It  is  no  lefs  certain^ 
that  more  Moifture  will  be  taken  up  and  imbibed 
by  Air  in  Motion,  than  Air  at  Reft  ;  as  is  evident 
from  the  Drying  of  Linen  and  other  things  that 
are  wet,  much  fooner  when  there  is  a  Gale  of 
Wind,  than  in  calm  Weather.  Befides,  Dr.HAL- 
ley’s  Experiments  related  in  the  Philofophical 
PranfaSliotiSy  put  this  Matter  paft  all  Doubt. 

This  Gentleman,  in  order  to  account  for 
the  Circulation  of  Vapours,  caufed  an  Expe= 
riment  to  be  accurately  made  by  the  Operator 
to  the  Royal  Society  at  Grejham  College^  where¬ 
by  the  Quantity  of  Water  raifed  and  carried 
off  in  Vapour  from  the  Surface  of  ftagnant 
Water,  in  a  Place  as  free  from  Sun  and  Wind 
as  might .  be,  was  determined  to  be  exadlly 
eight  Inches  deep  or  perpendicular  in  a  Year. 
This  fell  very  much  fliort  of  the  Quantity  of 
Rain  found  by  the  French  Academicks  to  fall 
in  a  Year  at  Paris^  viz.  full  nineteen  Inches  per¬ 
pendicular  :  And  fliorter  ftill  of  the  Obfervations 
of  Mr.  Townley  j  who,  at  the  Foot  of  the 
hancafbire  Hills,  lying  in  the  Neighbourhood 
of  the  Irijh  Sea,  found  there  fell  in  a  Year  above 
forty  Inches  of  Water  perpendicular.  So  re¬ 
markable  a  Difference  makes  it  evident,  that 
the  Sun  and  Winds  are  the  principal  Caufes 
of  the  Evaporation  of  Fluids;  the  one  to  raife 
the  Vapour,  and  the  other  to  carry  it  off  and 
difperfc  it. 

/ 

The  Dodlor,  in  the  fame  Courfe  of  Ob¬ 
fervations,  takes  Notice  of  the  Vapour,  feem- 

U  2  ing 
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ing  at  fometimes  to  adhere  or  hang  about  the 
Surface  of  the  Fluids  whence  they  rife,  cloath- 
ing  them  as  it  were  with  a  Fleece  of  vapourifh 
Air  j  at  which  Times  the  Evaporation  appeared 
to  be  very  little,  by  the  fmall  Q^ntity  of  Water 
then  loft  in  twenty-four  Hours :  And  as  this  was 
obferved  to  happen  commonly  when  there  was 
very  little  Wind  ftirring,  had  thefe  Experiments 
been  made  in  a  Place  fully  expofed  to  Wind 
and  Sun,  the  Expence  of  riling  Vapour  would 
have  been  found  to  compenfate  at  lealt  the 
ordinary  Return  of  Rain  for  a  Supply,  as  later 
Experiments  have  fufficiently  evinced. 

And  here  it  may  be  obferved,  that  in  ftill 
Weather,  when  this  Fleece  of  vapqurilh  Air  hap¬ 
pens  to  be  lodged  in  greater  Q^ntities  near  the 
Surface  of  the  Water,  both  it  and  all  Objects 
thereon  feem  to  be  conliderably  raifed,  and  even 
to  lie  in  a  Level  above  the  Land,  This  can  pro¬ 
ceed  only  from  the  Refradlion  or  Bending  of  the 
Rays  of  Light,  coming  out  of  a  Medium  of  one 
Degree  of  Denlity  into  one  of  another  ;  as  may 
be  exemplify’d  at  any  time  by  pouring  a  Quan¬ 
tity  of  fair  Water  intoaBafon,  which  will  then 
jfhew  a  Piece  of  Money,  lying  at  the  Bottom^ 
to  an  Obferver,  from  whom  it  was  before 
fcreened.  by  the  Brims  of  the  V ellei :  By  this 
Experiment  it  will,  to  Appearance,  be  raifed 
about  one  third  of  the  Water’s  Depth. 

And  for  a  like  Reafon  it  is  apprehended 
that  the  Cattle  grazing  on  the  IJle  of  Dogs,  are 
fometimes  to  be  fcen  from  Greenmcb  at  the 
:  ■  Time 
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Time  of  High-water  ;  and  not  when  the 
Water  is  low.  This  fome  have  endeavour¬ 
ed  to  account  for,  by  fuppofing  the  IJle  of 
Dogs  to  be  raifed  by  the  Tide.  But  ’tis  far 
more  reafonable  to  conjedlure,  that  in  flill 
Weather,  when  this  Appearance  is  moft  re¬ 
markable,  that  the  Vapours  iffuing  from  the 
Surface  of  the  River  are  raifed  along  with  it  in 
the  Tides,  and  fo  exhibit  an  Appearance,  which, 
were  they  immediately  removed  by  the  Winds, 
would  not  happen. 

In  fliil  and  fultry  Weather,  when  the  Sun¬ 
beams  feem  to  ait  with  a'  great,  a  general,  and 
an  equal  Force,  on  both  the  Land  and  Water, 
the  Rife  of  Vapours  is  then  obferved  to  be  more 
dull  and  languid.  When  they  gleam  as  it  were 
from  behind,  or  thro’  a  Cloud,  and  there  is 
fomething  of  a  Motion  in  the  Air,  or  a  Wind 
abroad,  they  rife  in  greater  Plenty.  And  in  very 
hot  Climates,  as  Dr.  Halley  informs  us,  they 
mount  in  fuch  Abundance,  that  in  St.  Helena^ 
lying  in  Latitude  fixteen  Degrees  South,  his 
GlalTes  for  Obfervation  were  very  often  and 
very  foon  covered  with  Water.  And  even  in  hot 
Weather,  in  our  own  Climate,  the  Dews,  which 
are  no  other  than  Vapour  conden fed,  are  found 
fufficiently  copious.  Morning  and  Evening,  in 
that  Seafon  of  the  Year  when  the  Sun  is  not 
far  above  the  Horizon,  the  rifing  of  Mills 
from  Rivers,  Pools  and  moiffc  Places  is  fre¬ 
quently  very  vifible,  and  is  generally  the 
Forerunner  of  a  fultry  Day.  As  the  San  gains 
a  greater  Height,  the  continued  Rife  of  the 

C  3  Vapoup 
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Vapour  is  indeed  not  fo  apparent;  but  as  the 
Caufe  of  their  Rife,  VIZ.  the  Heat,  increafes. 
there  is  no  Room  to  fufpedt,  but  that  the  Ef- 
fedt  is  ftill  proportionable  to  it. 

It  has  been  Matter  of  Difpute  among  Na- 
turalifts,  how  the  Waters  which  form  the 
Clouds,  and  which  defcending,  often  deluge 
over  vaft  T racks  of  Land,  come  to  be  exhaled 
from  the  Earth  and  fufpended  in  a  Fluid  fo  much 
lighter  than  Water,  as  is  the  Air.  Some  have 
imagined,  that  Particles  of  Fire,  feparated  from 
the  Sun-beams,  adhering  to  thofe  of  Water, 
make  together  little  Maffes  of  Matter  lighter 
than  Air,  and  which  therefore  rife  therein  till 
they  come  to  fuch  a  Part  of  the  Atmofphere; 
as  is  fpecifically,  or  Bulk  for  Bulk  of  the  fame 
Weight  with  themfelves ;  there  forming  a  thin 
Cloud.  And  they  fuppofe  that  Rain  is  pro¬ 
duced  by  the  Separation  of  thofe  Particles  of 
Pdre,  on  Occafions,  from  them;  whereupon 
they  coalefce,  and  then  defcend  according  to  their 
own  Gravity,  in  Drops  of  Rain  or  Dews. 

This  Elypothefis,  as  Dr.  Desaguliers 
]uflly  obferves  in  the  Philofophical  TranfaSfions, 
is  not  without  Objedlions.  As  Firft,  Fire  has 
never  yet  been  proved  to  be  a  diffcindt  Ele¬ 
ment,  or  a  particular  Subftance  ;  and  the 
Change  of  Weight  of  Bodies  in  chemical  Pre¬ 
parations  heretofore  prefumed  to  rife  from  the 
Adhelion  of  Particles  of  Fire,  is  proved  by 
Dr.  Hales,  in  his  Vegetable  Staticks,  to  prp- 
ceed  from  the  Adhefion  of  Particles  of  Air 

which 
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which  he  has  there  (hewed  to  be  abforb’d  by 
Ibme  Bodies  in  good  Quantities,  while  it  has 
been  generated  as  faft  by  others;  and  that 
it  may  even  be  abforb’d  and  generated  fuccef- 
(ively*  by  the  fame  Body  under  different  Cir- 
'cumdances.  Secondly,  Should  the  above-men¬ 
tioned  Suppofition  be  allowed,  the  fiery  Parti¬ 
cles  joined  with  the  watery  muff  be  of  fome 
con(iderable  Bignefs,  and  a  Perfon  pafllng 
thro’  a  Cloud,  in  afcending  a  Hill,  mud  be 
fenfible  of  an  extraordinary  Degree  of  Warmth, 
which  does  not  happen;  for  the  Vapour  is 
there  found  to  be  really  colder  than  Rain  it- 
felf,  falling  at  the  Foot  of  the  Hill.  Befides, 
the  Manner  in  which  thefe  Particles  of  Fire 
might  be  feparated  from  thofe  of  the  Water, 
is  to  be  conceived  from  no  Phtenomena  yet 
obferved ;  This  Theory  therefore  feems  to  be 
without  Foundation, 

The  fecond  Opinion  concerning  the  Rife, 
and  Sufpenfion  of  Vapours  is,  that  tho’  Water 
be  fpecifically  many  times  heavier  than  Air, 
yet  if  the  Surface  of  it  be  increafed  by  greatly 
diminifhing  the  Bulk  of  its  Particles,  it  can¬ 
not  eafily  (all ;  fince  the  Weight  of  each  Par¬ 
ticle  is  known  to  diminifli  in  Proportion  to 
the  Cube  of  its  Diameter ;  whereas  the  Surface 
to  which  the  Air  refids,  decreafes  only  as  its 
Square:  An  I  this  is  fufficiently  evident  from 
the  floating  of  Dud,  Motes,  and  other  light 
Bodies,  for  a  Time  therein,  according  as  they 
arc  more  or  lefs  minute, 

j  U  4  •  This, 
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This,  hovv'ever,  will  not  explain  the  Mat¬ 
ter  before  us  to  Satisfadion  ;  becaufe,  tho’  the 
Increafe  of  Surface,  the  Weight  continuing  the 
lame,  may  in  great  meafure  hinder  or  retard 
the  Defcent  of  very  frriall  Bodies  in  the  Air, 
on  account  of  its  Reliftance  to  a  Surface,  fo 
much  in  Proportion  larger  than  their  Bulk,  as 
aforefaid,  it  will  for  the  lame  Realbn  allb  im¬ 
pede  their  Afcent  therein.  And  ’tis  known  that 
the  riling  of  Dull,  in  the  Air,  is  owing  always 
to  fome  outward  Force  or  Motion  apply’d; 
whereas  Vapours  continue  to  rife  as  well  in 
calm  as  windy  Vfeather,  tho’  not  in  an  equal  De¬ 
gree  ;  neither  do  they  always  fall  to  the  Ground, 
''or  fubfide  therein,  when  the  Wind  ceafes, 

The  third  and  mod:  received  Opinion  con¬ 
cerning  this  Matter  is,  that  by  the  Aftion  of  the 
Sun  pn  the  Surface  of  the  Water,the  aqueous  Par¬ 
ticles  become  formed  into  Spherules  or  Bubbles, 
filled  ..with  an  Aura,  a  much  liner  Air,  or  one 
highly  rarefied,,  which  thus  becoming  fpecifi- 
cally  lighter  than  coinmon  Air,  mult  there¬ 
fore  rife  therein  by  hydrollatick  Laws,  till 
fuch  time  as  they  meet  with  fuch  an  Air  as  is 
Bulk  fpr  Bulk  of  their  own  Weight, 

This  feems  indeed  to  be  the  more  proba¬ 
ble  Suppolition  of  the  three  ;  but  to  fupport  it 
the  following  Queries  mull  be  anfwered.  How 
comes  the  Aura  or  fubtle  Air  within  the  Bub¬ 
bles  to  be  at  all  Ipecifically  lighter  than  that 
without  them ;  fince  the  Sun’s  Rays  mull  be 

admit- 
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admitted  to  heat  the  one  equally  with  the 
other,  and  to  beat  with  equal  Strength  on 
every  Part  of  the  Surface?  Was  it  polhble, 
that  a  rarer  could ,  be  thus  feparated  from  the 
ambient  Fluid,  what  Ihould  hinder  the  cold 
Air,  which  they  needs  mull  meet  with  in 
their  Afcent,  from  reducing  thefe  Bubbles  by 
contradling  their  Contents ;  juft  as  Bubbles  of 
foaped  Water  commonly  are,  notwithllanding 
their  Tenacity  is  much  greater  than  that  of 
common  Water,  when  blown  up  by  warm  Air 
from  the  Lungs  ^  And  again,  Was  it  reafon- 
able  to  admit  the  reft  of  the  Suppofition,  a 
conliderable  Difficulty  will  yet  remain,  n^iz. 
if  Clouds  were  thus  coriftituted  of  Shells  of 
Water  filled  with  Air,  in  its  own  Nature  ela- 
ftic.  Why  Ihould  they  not  always  expand,  when 
the  circumjacent  Air  is  rarefied  j  and  why  not 
be  condenfed,  when  the  Weight  of  the  Atmof- 
phere  is  there  increafed  ?  This  muft  be  the  na¬ 
tural  Confequence  of  this  Hypothefis,  and  the 
Clouds  would  fink  and  rife  in  the  Atmofphere 
on  every  Alteration  of  Weight  therein,  with^ 
out  affording  us  any  Rain  at  all. 

The  Dodlor  then  plaufibly  propofes  another, 
whereby  he  endeavours  to  account  for  the  Rife 
and  Sufpenfion  of  the  Vapours  in  the  Atmof¬ 
phere,  from  the  Elafticity  and  Repellency  ob- 
ferved  in  the  Steam  of  boiling  Liquors,  capa¬ 
ble  of  extruding  either  Air  or  Water  from 
any  Veffel ;  and  fuppofes  the  Repellency  of 
the  Particles  of  Vapour  to  be  always  in  Pro¬ 
portion  to  their  Degree  of  Heat.  Hence  he 
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calculates  the  Force  of  the  Vapours  railed, 
taking,  with  Sir  Isaac  Newton,  the  Heat 
of  boiling  Water  at  34  (when  the  Thermo¬ 
meter  will  drew  our  Heat  in  the  Summer  to 
be  5,  in  Winter  2,  and  in  Spring  and  Autumn 
3  of  thofe  Parts)  and  computes  the  Height  to 
which  they  accordingly  mull  rife,  comparing 
their  Elafticity  with  that  of  the  Air  ;  on 
v/hich  Heat  has  a  much  lefs  Elfed:  j  lince 
that  Degree  of  Heat  which  will  expand  Wa¬ 
ter  fourteen  thoufand  times  in  boiling,  will  ra¬ 
refy  Air  only  two  thirds.  He  next  conhders 
the  ElFefts  the  Cold  found  near  and  above  die 
Earth  mull  have  in  condenfing  thofe  Vapours, 
and  forming  the  Clouds;  and  thinks  that  the 
Dillance  they  are  obferved  to  float  at  from 
the  Earth,  in  the  various  Seafons  of  the  Year, 
correlponds  with  this  Theory. 

But  neither  does  this  feem  to  be  abfolute^ 
ly  free  from  Objeftions.  For  in  Diftillations, 
the  Liquor  boiling  in  the  Still,  over  a  brilk 
Fire,  raibsa  great  Quantity  of  Steam  into  the 
Plead,  which  endeavours  to  make  itsWay  imme¬ 
diately  down  the  fpiral  Pipe  or  Worm,  ufually 
let  in  a  Tub  of  Water,  which,  being  cold 
when  the  Still  begins  to  work,  condenfes  the 
riling  Vapour  very  fall.  As  the  Water  next 
the  Worm  comes  to  be  heated  by  the  conti¬ 
nued  rifing  of  the  burning  Steam,  it  condenfes 
it  indeed  fomething  flower ;  but  yet  when  this 
Water  is  become  fo  hot,  that  a  Man  can  fcarce 
bear  his  Hand  in  it,  it  will  neverthelefs  continue 
to  condenle  them  into  a  2;roiTer  Fluid  apace. 

Now 
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Now  as  the  Mitigation  of  the  Heat  of  Va¬ 
pour,  and  the  lowering  it  from  that  of  boiling 
Water  is  generally  attended  with  this  Effedt, 
and  as  very  little  V apour  is  raifed  in  the  Still  be¬ 
fore  the  Liquor  aftually  boils  j  it  may  be  pre¬ 
fumed,  that  the  Repellency  of  the  Particles  of 
Steam,  under  the  Degree  of  a  boiling  Heat,  can 
be  but  inconfiderable  in  promoting  the  Rife  of 
Vapours  to  any  great  Height  in  the  Atmolphere, 
or  of  producing  the  Thing  propofed. 

Besides,  Steam  of  any  Heat  whatever,  if  it 
be  not  fome  how  confined,  and  caught  as  it  were 
by  fome  Objedt  near  at  hand,  but  being  let 
into  the  Air  loofe,  like  that  rifing  from  a  feeth- 
ing  Pot  or  flaking  Lime,  as  far  as  we  can  trace 
it,  that  is,  fo  long  as  it  continues  vifible,  does 
not  by  its  Motion  fliew  any  great  Difpofition 
or  Tendency  towards  rifing  fteadily,  briflcly  or 
the  fliorteft;  Way,  into  fuch  Part  of  the  Atmof- 
phere  as  may  be  of  equal  Gravity  therewith: 
But  it  rather  feems  vaguely  to  fly  hither  and 
thither,  till  it  can  be  abforb’d  and  received  by 
the  Air,  thereby  warm’d  in  the  fame  Manner 
as  the  Breath  from  the  Lungs  and  other  hu-_ 
mid  Vapours  are,  as  mentioned  Page  237.  of 
this  Treatife. 

It  might  be  alfo  fufpefted,  that  the  Repel¬ 
lency  which  fliould  give  the  Particles  of  Wa¬ 
ter  their  firfl:  Rife  into  the  denfer  and  circum¬ 
ambient  Air,  would  increafe  in  Air  more  rare, 
in  their  Afcent,  and  defeat,  and  by  their  un¬ 
due 
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due  Separation  prevent  their  being  ever  conden- 
fed  in  Rain.  Befides,  as  the  PrelTure  of  the 
denfer  Air  near  the  Earth  is  not  able  to  reduce 
them  into  fo  clofe  a  Contadf  as  to  form  Drops 
of  Water  there,  it  is  not  likely  that  in  a  rarer 
Medium  this  Ihould  be  done  with  more 
Succefs. 

For  Want  therefore  of  a  more  perfect  Theo¬ 
ry  of  this  Part  of  our  Meteorology,  we  muft 
at  prefentj  in  good  meafure,  content  ourfelves 
with  obferved  Fails.  And  it  being  evident, 
that  rare  and  warm  Air,  together  with  what  hu¬ 
mid  Particles,  it  fliall  at  any  time  imbibe  (and 
which  from  the  conftant  Heat  of  the  Sun  muft 
neceffarily  conftantly  be  done,  and  that  in  very 
great  Plenty)  will  emerge  and  fwim  in  Air 
that’s  denfe  and  cold,  to  fuch  Part  of  the  Atmo- 
fphere  as  is  of  equal  fpecifick  Gravity  therewith : 
And  that  whenever,  for  want  of  the  fuperin- 
cumbent  Preffiire,  a  Part  of  its  Denfity  Ihall 
be  loft,  it  will  let  the  watery  Particles  fall, 
and  they  being  collecfted  and  alTembled  in 
good  Q^ntity,  will  at  length  perhaps  form  a 
floating  Cloud,  and  become  vifible,  merely  by 
the  Reflexion  of  the  Rays  of  Light,  which, 
falling  by  various  Angles  thereon,  exhibits  va¬ 
rious  Colourings,  and  a  Multiplicity  of  Forms, 
to  the  Eye  of  an  Obferver:  Or  if  its  Denfity 
ftiall  continue  to  be  ftill  more  diminifli’d,  it  may 
be  again  refolved  into  its  original  Water,  and 
become  an  immediate  Shower  of  Rain. 


The  Sun  ftiining  with  equal  Strength  on 

*  .1.  V  1 
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the  Surface  both  of  the  Land  and  Water,  will 
doubtlefs  affe6t  them  differently :  Becaufe  a  great 
Part  of  his  Rays  are  reflected  from  the  folid 
Earth  by  the  fame  Angle  in  which  they  fall 
thereon,  whereby  the  Air  will  always  be  more 
rarefied  over  this,  than  over  the  Water,  which 
abforbs  moft  ot  them,  and  reflects  but  few : 
Of  coiifequence  then  the  light  Air  will  mount, 
and  continue  to  rife  over  the  Land,  and  the 
denfe  and  vaporous  Air  from  Sea  will  croud 
after  it,  to  make  good  the  Deficiency ;  as  in 
the  Cafe  of  the  Land  and  Sea-breezes,  was 
before  explained,  Page  25 1  ;  and  hence  abun¬ 
dant  Matter  will  probably  there  be  colleCfed 
towards  the  Formation  of  a  Cloud. 

1 

If  then  the  Seafon  be  inclined  to  wet,  and 
efpecially  if  there  be  an  Eminence  upon  the 
Ifland  (round  which  the  Air  will  always  be 
colder,  and  therefore  denfer  than  over  the 
Campaign,  the  Sun-beams  being  thereby  difii- 
pated  in  a  great  Variety  of  Reflexions)  the 
thinner  Air  charged  with  Vapour,  as  before, 
will  Ifream  thither  from  every  Quarter,  and 
mounting  its  Sides,  like  Smoke  up  a  Chimney, 
will  fbon  envelope,  and  hood  over  its  Top  with 
a  Cloud  :  And  fhould  this  Difpofition  of  the  Air 
to  Wet  continue,  the  Vapour  will  continue 
rifing  in  this  Manner,  and  condenfing  fo  faflr, 
as  till  it  becomes  a  heavy  Rain  in  all  the  Parts 
adjacent. 

An  Appearance  of  this  Sort  on  the  Top  of 
Hills,  the  Pike  of  Trneriffe  particularly,  is  not 

un- 
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uncommon.  The  Mariners  alfo  often  obferve  a 
very  fmall  Cloud  at  firft,  which  they  therefore 
call  the  Bull's-Eye,  gathering  over  a  fmall  Ifland 
in  the  Ocean,  which  frequently  increafes  fo 
fall,  by  the  Acceffion  of  light  and  humid  Air 
from  the  Water,  that  it  fills  the  whole  Hemi- 
fphere  very  foon  with  Rain,  frequently  attended 
with  a  Tornado  of  Wind,  Lightning  and 
Thunder ;  and  the  Storm  is  doubtlefs  more  or 
lefs  violent,  according  as  Quantities  of  Matter 
happen  thereabouts  to  be  amalTed  for  the  Pro¬ 
duction  of  each  fort,  as  aforelaid. 

And  here  it  may  be  remarked,  that  in  a 
Storm  of  this  kind,  the  Wind  is  obferved  to  blow 
all  round  from  the  Place  where  it  rages  moft ; 
which  is  a  plain  Intimation,  that  thefe  extraordi¬ 
nary  Commotions  in  the  Air  are  really  produced 
by  the  Explofions  of  Matter  meeting  therein, 
and  difagreeing  in  the  Manner  heretofore  pro- 
pofed.  Page  2 whereby  a  different  Direftion 
is  given  to  the  Body  of  Air  adjacent,  being 
driven  thence  all  round,  as  from  a  Centre. 

An  Experiment  to  prove  our  Hypothefis  for 
the  general  Formation  of  Clouds  over  Elands, 
Promontories,  Capes  and  the  Sea-coafts  proba-* 
ble,  may  be  thus  made.  Take  a  large  Difh, 
fill  it  with  cold  Water  ;  into  the  middle  of 
this  put  a  Water-plate  filled  with  Water 
warmed.  Th6  firft  will  reprelent  the  Ocean 
drinking  in  the  Sun-beams  falling  thereon,  the 
laft  an  Ifland  reflecting  them,  and  fo  heating 
the  Air  above  it  more.  Blow  out  a  W^ax-candle, 
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and  if  the  Place  be  ftill,  on  applying  it  fuccef- 
iively  to  every  Side  of  the  Didi,  the  fuliginous 
Particles  of  the  Smoke  being  vifible  and  very 
light,  will  be  feen  to  make  toward  the  Plate, 
and  riling  over  it,  will  point  out  the  Courfe 
of  the  vaporous  Air  from  Sea  to  Land.  Again, 
if  the  ambient  Water  be  warmed,  and  the 
Plate  filled  with  Water  cold,  let  the  fmoking 
Wick  of  the  Candle  be  held  over  the  Center 
of  the  Plate,  the  contrary  will  happen ;  and 
a  Demonftration  thereby  be  alfo  given  of  the 
Caufe  and  Confequences  both  of  the  Land  and 
Sea-breezes  before-mentioned. 

Was  the  Globe  of  the  Earth  one  plain 
watery  Surface,  and  had  the  Sun,  as  now,  his 
apparent  diurnal  Motion  round  it,  a  certain 
Q^ntity  of  Vapours  would  then  be  daily 
raifed  and  retained  by  the  Atmofphere.  Theie 
Vapours,  when  the  Air  came  to  be  condenfed 
on  Nights,  would,  ’tis  probable,  as  conftant- 
ly  fubfide  and  fink  in  Dews  j  as  Salts  will  of¬ 
ten  precipitate  to  the  Bottom  of  Liquors  over¬ 
charged  therewith,  when  they  come  to  cool : 
Nor  in  this  Cafe  could  any  Diverfity  of  Wea¬ 
ther  be  expedled,  other  than  periodically,  and 
every  Year  alike. 

But  let  this  general  Ocean  be  fuppofed 
interfperfed  as  it  is  with  j  fpacious  Tracks  of 
Land  confifting  of  various  Soils,  and  various  in 
Form,  whence  Emanations  may  alfo  rife,  not 
merely  of  the  watery  kind,  which  by  their  Di- 
'verfity,  as  before  explain’d  in  Cafe  of  the  Winds, 
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may  occafion  Variety  of  Weather:  This  Land^ 
of  dift'erent  Altitudes,  and  in  particular  Places, 
ribb’d  with  high  Mountains,  fuch  as  the  Py-* 
renean,  the  Alps,  the  Apennine,  and  Carpathian 
Hills  in  Europe ;  'Taurus,  Caucafus,  Imaus, 
and  others  of  Note  in  Afta  Atlas,  and  the 
Mountains  oj  the  Moon,  with  other  Ridges  in 
AbyJJinia,  and  the  lefs  known  Parts  of  ^rica 
and  in  America,  the  Andes  and  Apalatean 
Mountains  j  all  far  furpaffing  the  ufual  Height 
to  which  the  watery  Vapours  afcend,  will 
caufe  a  confiderable  Difference :  For  thefe  by 
their  Eminence  and  Situation,  either  colleft 
humid  Particles  from  the  adjacent  Seas  and 
Plains,  as  explained.  Page  301.  or  intercept 
them,  being  tranfported  thither  by  the  Winds, 
where  mounting  up  the  Sides  of  the  Mountains 
with  the  Stream  of  Air,  are  there  frequently 
dalhed  together,  or  fo  condenfed,  that  coming 
within  the  Reach  of  each  other’s  Attradlion, 
they  run  together,  and  forming  larger  Drops 
fpecifically  heavier  than  the  ambient  Air,  im¬ 
mediately  fall  in  Rains  and  Dews  j  or  elfe  fet¬ 
tling  all  round  the  Eminence,  gutter  and  gleet 
down  the  Surface  of  the  Stone,  and  uniting, 
often  form  a  Rill ;  and  feveral  of  which  col- 
ledled  in  a  common  Channel,  make  a  Brook  j 
Variety  of  thefe  a  Stream ;  and  an  Affemblage 
of  Waters  from  a  Diverfity  of  thefe,  after  drain¬ 
ing  perhaps  a  vaft  Extent  of  Land,  may  be¬ 
come  a  River,  like  the  Rhine,  the  Rhone,  the 
Thames,  or  Da7iube. 


K 

In  order  to  eflimate  the  Quantity  of  Water 

raifed 
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raifed  in  Vapour  from  the  Sea,  and  to  com¬ 
pare  it  with  the  Returns  made  thither  by  the 
Rivers  which  condudt  it  back,  Dr.  Halley 
has  curioufly  confidered  the  Mediterranean  Sea, 
into  which  nine  very  conliderable  Rivers,  viz. 
the  the  Rhone,  the  ‘Tyber,  the  Po,  the 

Danube,  the  Neijier,  the  BoriJlhe?Tes,  the  Pa- 
nais,  and  the  Nile,  are  continually  emptying 
themfelves,  belides  the  Supply  always  coming 
into  this  Sea  from  the  main  Ocean,  thro’  the 
Streights  of  Gibraltar,  without  railing  the 
Waters  therein  one  Jot. 

He  judges  the  Extent  of  the  Mediterranean 
to  be  about  one  hundred  and  flxty  fquare  De¬ 
grees,  forty  long  and  four  broad,  and  thinks  that 
each  of  the  above-mentioned  Rivers  affording 
about  ten- times  the  Water  difcharged  by  the 
Phames  in  a  Daly,  may  be  adequate  to  that  brought 
in  by  the  ten  large  Inlets  of  Water  before-named, 
that  is,  eighteen  hundred  twenty-feven  Millions 
of  Tuns  per  Diem.  And  from  a  nice  Experi¬ 
ment  he  made  on  fome  Water  faked  to  the  fame 
Degree  with  that  of  Sea-water,  which  he  eva¬ 
porated  with  Care  over  a  gentle  Fire,  whereby 
he  brought  the  Eleat  thereof  up  to  that  gene¬ 
rally  found  in  the  Mediterranean,  of  which  he 
was  able  to  judge  by  help  of  a  Thermometer, 
he  calculates,  tliat  in  ferene  Weather  there 
mufl:  be  at  leaff  five  thoufand  two  hundred  and 
fourfcore  Millions  of  Tuns  exhaled  thence  in  a 
Day  5  and  in  windy  and  troubled  V/eather  much 
more.  Some  Part  of  this  is  allowed  often  to  fink 
therein  again  in  Rains  and  Dews ;  but  far  the 

X  greater 
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greater  Part  is  either  tranfported  by  the  Winds, 
or  is  inclined  to  draw  toward  the  adjacent  Lands, 
as  has  been  faid,  to  water  the  Produftions  of  the 
Earth ;  all  which  may  without  Difficulty  be 
traced  back  to  their  original  Water.  Of  this  a 
good  Part  indeed  remains  Hill  in  a  fluid  State, 
and  is  therefore  capable  of  being  again  circu¬ 
lated  on  Occafions  for  the  Purpofes  beforefaid  j 
but  a  no  inconfiderahle  Part  has  been  thought 
by  modern  Philofophers  of  principal  Note,  to 
become  fixed,  and  abfolutely  lofe  its  Fluidity. 

What  gave  Birth  to  this  Opinion  was  this: 
A  Quantity  of  Earth  was  fifted,  put  into  an 
Oven,  well  dried,  and  then  weighed.  This 
has  been  afterwards  put  carefully  into  a  Tub, 
and  a  Plant  weighing  perhaps  four  Ounces,  has 
been  fet  in  it,  which  being  well  watered,  has 
in  due  Time  grown  up  to  a  Tree  weighing 
perhaps  a  Hundred  Pounds.  This  being  taken 
out  of  the  Mould,  the  Mould  has  been  again 
dried  and  weighed,  as  at  firft,  and  the 
Weight  thereof  found  not  in  the  leaft:  dimi- 
niflied.  Now  as  the  fame  mufl:  conftantly  hap¬ 
pen  to  every  Thing  produced  by  the  Earth, 
Foffils  as  well  as  Vegetables,  the  Solids  have 
been  thence  judged  hourly  to  increafe  upon  us, 
the  Fluids  to  decreafe,  and  the  Sea-water  con- 
fetpently  to  grow  more  and  more  diftafteful  and 
bitter.  So  that  in  a  great  Length  of  Time,  the 
Earth  is  apprehended  to  be  in  Danger  finally  of 
lofing  all  her  Fluid,  and  of  becoming  a  faplefs 
Mafs,  fuch  as  in  all  Probability  is  the  Moon : 

Since  no  vifible  Alteration  or  Change  has  ever 

appeared 
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appeared  on  her  Face  view’d  from  the  Earth 
whereby  die  might  feem  in  any  Part  more 
cloudedj  as  to  the  lunar  InhabitantSj  if  fuck 
there  be,  mufl  frequently  have  happened  with 
refped:  to  the  Earth  5  on  which  it  has  frequent-^ 
ly  rained  in  different  Places  for  a  long  Time 
together. 

Tho’  the  Inrtance  laft  mentioned  be  true 
in  Fad ;  yet  it  muft  be  admitted,  that  far  the 
greater  Part  of  whatever  Bodies  are  thus  pro-^ 
duced  by  the  Fixation  of  our  Fluids,  does 
again  refume  a  fluid  State  in  cafe  of  a  ’Diffoi» 
lution,  to  which  they  are  fooner  or  later  all 
fubjed  ;  and  in  fo  doing  their  humid  Particles 
muft  again  mingle  with  the  Air,  and  circulate 
as  before.  The  Afhes,  for  Example,  when 
our  before-mentioned  Tree  comes  to  be  burnt, 
or  the  remaining  Duft,  when  its  Parts  come 
to  be  difunited  by  Time,  are  but  infignificant 
in  point  of  Quantity :  Whereas  the  fluid,  and 
by  far  the  more  confiderable  Parts,  rife  again 
into  the  Atmofphere;  in  the  former  Cafe,  in 
the  Form  of  humid  Smoke;  and  in  the  latter, 
with  other  Vapours  exhal’d  from  the  Earth. 

Besides,  that  elementary  Water  may  be 
changed  from  a  folid  to  a  fixed  State,  is  not  fo 
eafily  proved  as  fome  have  thought.  It  is  ccr-^ 
tain,  that  common  nutritive  Water  is  a  very 
heterogeneous  Subftance,  having  in  it  Air,  Salt, 
Oil  and  Earth.  In  Proportion  as  Water  is 
freed  of  thefe  Ingredients,  by  Diflillation  or 
otherwife,  we  learn  from  Dr.  Woodward’s 

X  2  Obler« 


1 


3c8  'The  Motion  of  Fluids, 

Obfei'vations,  that  it  becomes  lefs  fit  for  the 
Nutrition  of  Plants.  We  learn  from  the  fame 
Obfervations,  as  well  as  from  thofe  of  Dodlor 
Hales,  what  avail  Q^ntity  of  Water  Plants 
require  for  their  Increafe  and  Well-being.  How 
then  can  we  be  certain,  that  the  earthy 
and  other  fix’d  Parts  of  Vegetables,  are  not 
compofed  of  fome  of  the  fixed  and  earthy 
Parts  of  the  nutritive  Water ;  the  reft  of  thofe 
Parts  flying  ofif  along  with  the  true  watery 
Element,  in  the  Courfe  of  their  very  copious 
Perfpiration  ^  So  that  a  Plant  may  eafily  ac¬ 
quire  a  great  deal  of  fixed  and  folid  Matter, 
without  any  fenfible  Diminution  of  the  Earth 
it  ftands  in.  Or  at  leaft  what  Part  of  that 
Earth  or  other  folid  Principles  may  be  carried 
up  into,  and  confolidated  with  it,  may  be  again 
fupplied  by  new  Earth,  depofited  from  the 
Water  wherewith  it  is  moiften’d  from  time  to 
time.  If  this  be  then  the  Cafe,  as  it  feems 
very  likely  to  be,  we  need  be  under  no  great 
Apprehenfion  of  our  Earth’s  lofing  all  her  Flu¬ 
ids,  and  fo  of  becoming  unfit  for  the  Habita¬ 
tion  of  Men  and  other  Animals.  Nor  fliall 
we  need  the  Affiftance  of  Comets  and  their 
Ttfiiuvia,  to  renew  from  time  to  time  this  daily 
Wafte  of  fluid  Matter,  which  Sir  Isaac  New¬ 
ton  thinks  neceflary  in  his  Principia.  And 
whether  the  Motion  of  the  Earth,  and  other 
Planets,  might  not  be  confiderably  altered  by 
fuch  copiojxs  and  frequent  Acceflions  of  foreign 
Matter,  might  feem,  among  other  things,  to 
be  a  Point  worthy  Confideration.  ^ 
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Oji  the  Origin  and  Source  of 

Springs. 


T  has  been  already  hinted,  that  the  Hills 
_  are  of  fingular  Service  to  Mankind  in  col¬ 
lecting  the  Particles  which  thence  defcend  into 
tlie  lower  Lands,  and  water  the  Earth.  There 
are  in  the  World  numberlefs  Inftances  of  this 
kind.  Mercator  fays,  that  toward  the  middle 
of  the  Wand  of  St.  dhomas,  there  is  a  Moun¬ 
tain  well  flor’d  with  Wood,  which  in  that 
hot  Climate  is  always  cover’d  with  thick  Clouds, 
even  when  the  Sun  is  in  the  Meridian  ;  whence 


proceed  gentle  Streams,  fufficient  to  water  all 
the  Sugars  in  the  Plantations.  It  may  there¬ 
fore  reafonably  be  prefumed,  that  thofe  hu¬ 
mid  Particles  which  in  thefe  Places  do  neither 
fall  in  Rains,  or  trickle  down  the  Out-fides  of 
the  Hid s,  are  percolated  by  degrees  thro’  the 
Pores  cf  the  Earth,  and  pafs  along  the  Cra- 
nies  of  the  Stone,  &c.  till  they  find  their  Way 
into  fubterranean  Refervoirs ;  which  being  thus 
fucceflively  fupplied  with  Vapour  condenfed, 
may  caufe  them  to  overflow,  and  thereby  feed 
the  Springs  that  more  frequently  break  out  of 
the  Sides  cf  thefe  Eminencies,  than  in  any 
other  Place.  And  thus  may  the  Circulation 
of  Moiflrure  be  imagined  to  be  carried  on  pro- 
grelTively  between  the  higher  and  the  lower 
•  Parts  of  the  Earth,  in  a  more  reafonable  Man¬ 
ner,  tlian  by  fupp'ofing,  as  fome  do,  either, 
Firfl,  That  Springs  are  the  Refult  of  Rain-^ 
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water  only,  tho’  they  flow  continually,  and 
often  without  Diminution  in  the  driefl  Seafons, 
and  when  no  Rain  has  fallen  for  a  long  Space 
of  Time ;  or.  Secondly,  That  they  are  derived 
from  a  Filtration  or  Percolation  of  the  Sea¬ 
water,  thro’  certain  imaginary  Tubes 'or  Paf- 
fages  within  the  Earth,  in  doing  whereof  they 
are,  with  no  great  Probability,  faid  to  lofe 
their  Saltnefs :  Which,  befides  many  others, 
labours  under  this  Abfurdity,  viz.  That  fome 
of  the  greatefl;  Rivers  in  the  World  have  their 
mofl;  copious  Fountains  farthefl:  from  the  Sea, 
and  often  at  fuch  a  Diftance,  that  it  is  hardlv 
credible,  fo  vaR  Quantities  of  frefli  Water 
fhould  fo  luckily  find  a  Way  thither  by  the 
Means  propofed. 

It  is  improbable,  for  Inftance,  that  fuch  a 
River  as  the  Nile,  whofe  Source  is  fome  hun¬ 
dreds  of  Miles  from  any  Sea,  in  a  high  and 
mountainous  Country,  and  in  the  middle  of 
the  torrid  Zone,  thould  at  periodical  Times 
roll  dov/n  firft-  a  great  Quantity  of  turbid  Wa¬ 
ter,  and  fill  his  fpacious  Bed,  and  this  be  fol¬ 
lowed  by  fuch  a  Flood,  as  lays  a  flat  Country, 
of  fo  large  an  Extent  as  Egypt  is,  under  Wa¬ 
ter;  from  which  Advantage  it  becomes  indeed 
a  fort  of  Granary  to  the  Eaft,  and  without  it 
might  probably  be  as  barren  as  are  its  neigh¬ 
bouring  Defarts. 

The  Attradbion  of  Cohefion  ordinarily  ad¬ 
duced  in  the  Cafe  of  Springs,  bears  no  Pro¬ 
portion  to  thefe  EfFedls.  If  this  Caufe  be  con¬ 
tinual, 
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tlnual,  it  is  doubtlefs  uniform.  Whence  then 
comes  it,  that  the  Inundation  here  mentioned 
is  periodical  ?  Rain  in  that  Country  cannot  be 
the  Caufe ;  Egypt  is  too  well  hirrounded  by 
large  Continents  to  get  much  Rain.  But  it  is 
not  unreafonable  to  believe,  that  the  Source  of 
this  famous  River  lies  near  the  Foot  of  the 
Mountains  of  Abyjfinia^  which,  when  the  Sun 
is  near  the  North  Tropick,  and  the  Wind  con- 
fequently  North-eafterly ,  coiled;  and  condenfe 
th  Vapours  direded  thither  from  the  vail;  In¬ 
dian  Ocean,  when  the  rainy  Seafon  in  thole  La¬ 
titudes  ufually  begins  j  and  hence  may  proceed 
the  Deluge  of  Rain,^  which  rolls  down  into  the 
flat  Country,  and  produces  the  before-men¬ 
tioned  great  Effed. 

Nor  is  it  utterly  improbable,  but  that  thofe 
very  JVlountains,  tho’  they  are  fltuated  in  the 
torrid  Zone,  may,  like  the  Alps  and  other  like 
Eminer  cies  more  Northward,  be  covered  with 
Hail  and  Snow  at  proper  Seafons,  which  by 
the  Increafe  of  the  Heat  upon  them,  and  efpe- 
cially  wh.n  the  Sun  becomes  vertical,  may  melt 
pretty  fuddenly,  and  produce,  or  at  leafl:  pro-» 
mote,  this  periodical  Inundation. 

And  this  feems  the  more  likely,  fince  Peo¬ 
ple  who  crois  the  Alps  in  July  and  Augujl, 
are  fenlible  of  all  the  Change  of  Seafons  in  the 
Year,  and  that  often  in  the  Compafs  of  ten 
Miles  riding.  At  the  Top,  Vvdien  beyond  any 
great  Reflexion  of  the  Sun-bean)s  from  the 
general  Surface  of  the  Earth,  they  feem  to  be 
°  X  4.  in 
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in  Greenland ;  toward  the  Middle  the  Weather 
grows  milder,  where  they  meet  a  kind  of 
Spring  ;  and  at  Bottom  they  fweat  under  the 
Violence  of  the  Heat. 

As  there  are  fundry  Places  of  the  Earth 
where  it  feldom  or  never  rains,  fo  there  arc 
others  where  it  is  almoft  always  Dripping. 
The  firfl;  are  extenfive  Flats,  where  there  are 
no  Hills  to  intercept  and  hop  the  Moiilure 
floating  in  the  Winds ;  the  other  are  mountain¬ 
ous  Places,  that  catch  all  the  Humidity  that 
comes  in  their  Way.  Hilly  Countries  ^there¬ 
fore  never  want  an  over  Proportion  of  Rain, 
for  which  they  often,  indeed,  rob  their  neigh¬ 
bouring  Plains. 

The  Defign  of  the  Hills  then  in  general 
feems  to  be,  That  they  are  placed  by  Provi¬ 
dence  commonly  about  the  Middle  of  the  fe- 
veral  Continents,  that  they  might  ferve  to  flop, 
or  at  lead  to  coiled:,  frefli  Water,  for  the  Sup¬ 
port  of  vegetable  and  animal  Life  in  the  adja¬ 
cent  Countries.  By  their  Height  they  are  alfo 
of  fignal  Ufe  and  Service  in  giving  the  proper 
Defcent  to  the  Streams  thus  produced,  to  the 
End  that  they  may  flow  gently,  as  the  Fluids 
in  the  Veffels  of  the  Body  do,  thro’  every  Part, 
in  order  to  render  them  of  more  general  Ufe 
and  Benefit  :  And  from  the  extraordinary 
PreiTure  of  the  fubterranean,  defcendins:  Wa- 

*  O 

ters,  probably,  proceeds  the  free  and  plen¬ 
tiful  Rife  of  Springs  in  Wells  dug  in  lower 
Grounds. 
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At  the  fame  time,  however,  that  we  afcribe 
the  principal  Origin  of  Springs  to  the  general 
Circulation  of  Vapours,  we  cannot  but  ob- 
ferve,  that  fome  of  them  are  temporary,  others 
perennial.  The  firft  flow  plentifully  in  moift 
Weather,  and  then  are  often  long  dry  ;  the 
otners  ifluing  from  the  Bowels  of  no  great 
Eminencies  perhaps,  yield  conftantly,  even  in 
the  greatefl;  Droughts,  an  equal  Quantity  of 
Water.  This  can  only  proceed  from  their 
being  happily  furnifhed  with  a  conffant  Vein 
of  that  Fluid,  thro’ fub terraneous  Palfages  lead¬ 
ing  from  the  Parts  adjacent,  and  higher  fltii- 
ated,  to  the  Place  of  its  breaking  forth.  Nor 
can  it  be  denied,  but  that  Vapours  may,  by 
the  Heat  of  the  Earth  only,  when  not  ex- 
pofed  to  the  Winds,  rife  from  the  Bottom  of 
the  Caverns,  fometimes  found  in  the  Belly  of 
huge  Hills,  as  in  an  Alembic,  efpecially  if 
near  the  Springs,  where  being  flowly  con- 
denfed  above,  and  gleeting  gradually  down 
the  Sides,  may  from  time  to  time  replenilh 
certain  natural  ftone  Refervoirs,  often  to  be 
found  within  fuch  Hills  (fomething  of  which 
fort  in  particular  may  be  obferved  in  Pgo/s- 
Hole  in  Derbyjhire)  whence  they  glide  on  the 
firft  Bed  of  Clay  or  tenacious  Earth  they  meet 
with,  to  fome  convenient  Aperture,  thro’  which 
they  make  their  Way. 
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On  Hail,  Snow  and  Frost 


AIL  appears  to  be  no  other  than  .Drops 
of  Rain  congealed  by  the  Cold,  always 
found  in  the  upper  Regions  of  the  Air,  be¬ 
yond  the  Reach  of  the  Reflexion  of  the  Sun¬ 
beams  from  the  Earth,  Being  opened,  there 
appears  fomewhat  like  Snow,  of  a  loofer  Con¬ 
texture  than  Ice,  in  the  middle  of  the  Hail- 
Rones,  and  the  reR  feems  to  lie  one  concen¬ 
tric  Kernel  upon  another.  They  often  diRer 
pretty  much  in  Size :  The  larger  Sort,  by  the 
Violence  of  their  Fall,  Riew  they  come  from 
a  great  Height ;  and  tho’  at  the  firR  Out- 
fetting  their  Bulk  might  not  perhaps  exceed 
the  ordinary  Size  of  common  flail,  yet  in 
their  long  Journey,  fuppofing  the  humid  Me¬ 
dium,  thro’  which  they  pafs’d,  inclined  alike 
to  Congelation,  they  probably  increafe  their 
Bulk  throughout  their  whole  Paffage.  And 
that  they  do  fo,  by  the  Acceffion  of  freezing 
Vapours,  appears  in  part  by  their  being  com¬ 
monly  of  a  loofer  Texture  than  Ice. 


Hail  is  a  frequent  Attendant  on  Thunder 
and  Lightning ;  whence  it  may  be  conjedlured, 
that  the  Salts  in  the  Air,  then  probably  abroad 
in  greater  Quantities,  contribute  in  great  mea- 
fure  to  the  Congelation  thereof.  That  Nitre, 
and  feveral  other  penetrating  Salts,  will  produce 
a  like  Effedt  on  Water,  will  appear  on  mixing 
a  Quantity  of  them,  or  even  common  Salt, 
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with  fome  Snow  or  Ice  pulverized.  In  this 
Mixture,  diflblved  before  the  Fire,  immerfe  a 
Bolt-head  full  of  common  Water,  which  pre- 
fently  freezes,  even  in  warm  Air.  The  Ex¬ 
periment  is  defcribed  Fig.  12.  Plate  9.  The 
Bolt-head  A  B  is  filled  with  Water  only  to  C 
This  immers’d  in  the  beforefaid  Solution  will, 
from  the  iudden  Conflridtion  of  the  Glals,  firffc 
meeting  with  the  Cold,  immediately  rife  in  the 
Stem,  perhaps  to  D.  Soon  after  it  will  gra¬ 
dually  defcend  from  that  Point,  condenfing  till 
it  comes  down,  and  fettles  perchance  at  E  ; 
where  for  fome  time  it  will  remain  at  Reft ;  But 
foon  recovering  itfelf,  and  beginning  to  expand, 
it  will  gradually  rife  from  E  to  F,  and  thence 
foon  after,  by  one  Leap,  to  G.  The  Water 
in  A  is  hereupon  feen  thick  and  cloudy,  and 
that  Moment  feems  to  be  converted  into  Ice. 
As  more  of  the  Water  in  A  however  becomes 
congealed,  and  the  Ice  hardens,  part  of  the 
Water  will  overflow  at  B,  in  order  to  give  it 
Room  to  do  fo.  Whence  it  appears,  that  all 
Fluids  fubjed;  to  freeze,  (except  Oil,  which 
alone  is  more  contraded  in  freezing)  become 
fpecifically  lighter,  from  Obfervation,  about  a 
ninth  Part  j  all  inferior  Degrees  of  Cold  how¬ 
ever  will  make  them  feem  fpecifically  heavier  by 
Contradion  :  F or  this  Reafon  it  is,  that  Ice  not 
confined  always  floats  on  the  Surface  of  Water. 

It  may  here  alfo  be  remarked,  that  a  Qiwn- 
tity  of  Water,  before  and  after  it  has  been 
frozen,  is  found  by  Experiment  to  difier  con- 
fiderably  in  Weight  5  whence  it  may  be  con¬ 
cluded, 
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eluded,  that  the  Evaporation  ceafes  not,  either 
when  the  Water  is  freezing,  or  even  when  it 
is  in  a  State  of  Ice  :  Which  infeparable  Quality 
of  Ice  renders  it  difficult  to  lay,  whether  frigo- 
rific  Particles,  v/hich  deprive  Bodies  of  their 
Heat,  if  fuch  there  be,  have  any  Weight  or  not. 

The  Principle  which  Authors  have  gone 
upon,  in  order  to  folve  the  Phssnomena  of 
Freezing,  are  either,  Firft,  according  to  Gas- 
SENDUS,  that  fome  foreign  Matter  is  intro¬ 
duced  into  the  Pores  of  the  Fluid,  by  Means 
whereof  its  Bulk  is  increafed,  and  its  Parts  be¬ 
come  fixed. 

And  thefe  Gentlemen,  to  folve  it,  apply  to 
certain  nitrous  Particles,  properly  formed  to 
produce  this  Efiedt ;  in  regard  Sal  Ammoiiiac^ 
Saltpetre,  Salt  of  Urine,  and  many  other  vo¬ 
latile  and  alkalizate  Salts,  ipixed  with  Water, 
increafe  its  Degree  of  Cold  very  fenfibly.  And 
the  Manner  in  which  thefe  Particles  are  pre¬ 
fumed  to  hinder  the  Fluidity  of  Water  is,  that 
they  are  constituted  of  rigid  pointed  Spicula^' 
eafily,  they  fry,  driven  into  the  Globules  of 
Water,  which,  being  varioully  mingled,  and 
as  it  were  intangled  together,  l3y  Degrees  en¬ 
feeble,  and  finally  deltroy  the  Motion  thereof. 


Secondly,  The  Followers  of  Des  Cartes 
aflert,  that  fome  Matter,  naturally  contained 
in  the  Fluid,  is  by  an  intenfe  Degree  of  Cold 
expelled,  thro’  the  Abfence  of  which,  the  Bo¬ 
dy  becomes  fixed.  And  this  tiiev  prefume  to 
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be  brought  about  by  the  Rccefs  of  the  ailive, 
aetherial  Matter,  to  which  they  afcribe  all  Mo¬ 
tion  of  Bodies,  out  of  the  Pores  of  the  Wa¬ 
ter,  or  at  leaf!  to  a  very  large  Abatement  of  it. 
And  confidering  the  known  Phaenomena  of 
the  Freezing  of  the  natural  Fluids  (the  At- 
tradlion  and  Repulfion  of  whole  Parts  in  a 
State  of  Fluidity  are  pretty  near  equal,  and 
therefore  eafily  .  moved  one  among  another  j 
as  alfo  from  the  Melting  of  fuch  as  are  only 
reduced  to  a  State  of  Fluidity  by  Heat,  the 
Parts  being  put  under  a  Degree  of  extraordi¬ 
nary  Vibration,  which  by  Cold  again  become 
rigid,  wherein  the  Attra<5tion  of  their  Parts  feems 
greatly  to  overpower  that  of  their  Repullion ; 
whence  proceeds  what  we  call  Cohefion,  Te¬ 
nacity,  Vifcidity,  and  the  like)  we  cannot  re¬ 
fute  either  of  the  Syftems  above-m.entioned, 
flnce  neither  of  them  at  prefent  come  under 
Proof  by  any  Expeiiment :  They  are  there¬ 
fore  purely  hypothetical. 

But  the  third  Opinion  on  this  Subject,  ac¬ 
cording  to  a  late  French  Author,  is,  That  there 
is  fome  Alteration  produced  in  the  Texture  or 
Form  either  of  the  fluid  Particles,  or  of  fome- 
thing  contained  in  them. 

In  P'avour  of  this  laft,  it  may  be  obferved. 
That  a  Globule  of  Water  held  on  the  Point  of 
a  Needle,  in  a  fmart  Froft,  will,  upon  freez¬ 
ing,  flioot  itfelf  out  into  a  Star,  having  a  cer¬ 
tain  Number  of  Points ;  and  Snow,  which  is 
a  frozen  Vapour^  feems  to  be  no  more  than  a 

Con- 
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Congeries  of  thefe  Stars,  united  to  each  other 
by  the  Tips  of  thofe  Points,  and  by  no  means 
adapting  themfelves  to,  or  filling  the  Inter- 
ftices  between  them:  It  mull  thence  follow, 
that  the  Dimenfions  of  a  Quantity  of  Water, 
reduced  thus  by  Cold  from  a  fluid  to  a  fixed 
State,  will  be  confiderably  enlarged.  Nor  are  any 
Pipes  or  V elTels  llrong  enough  to  refill  the  na¬ 
tural  Power  of  the  Congelation,  but  they  ge¬ 
nerally  burll  whenever  the  Fluid  therein  con¬ 
fined  happens  to  be  frozen :  And  a  Force  ca¬ 
pable  of  making  a  Gun-barrel  fly,  will  be  ea- 
fily  admitted  gently  to  heave  the  Earth  or  Soil 
in  a  Froll,  thereby  rendering  it  more  light, 
that  fo  the  Fibres  of  Plants  may  afterwards  be 
able  to  Ihoot  therein  with  greater  F reedom  j 
whence  may  probably  proceed  the  general  Fer¬ 
tility  of  fuch  Summers,  with  us,  as  fucceed 
hard  Winters ;  not  to  infill  on  the  Defl;rud:ion 
Froft  ufually  brings  upon  the  Ova  of  Infedls, 
and  other  noxious  Animals. 

It  may  farther  be  obferved,  in  favour  of  this 
iaft  Opinion,  that  Ice  being  never  fo  tranfpa- 
rent  as  Water,  the  Rays  of  Light  do  not  pafs 
thro’  Water  congealed  and  fluid  in  the  fame 
Manner :  Which  feems  to  imply,  that  the 
Contexture  and  Connedlion  of  the  Parts  of  this 
Fluid  are  changed,  and,  in  thefe  Circum- 
llances,  otherwife  combined  j  for  Snow,  where¬ 
in  this  Change  of  Parts  is  moft  remarkable, 
is  flill  far  more  opake  than  Ice.  At  leall  it 
is  an  Evidence,  that  there  is  an  uneven  Mix¬ 
ture  of  an  infinite  Number  of  Air-Bubbles, 

and 
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and  thofe  various  in  Size,  with  the  Particles 
of  congealed  Water,  which  will  alfo  hinder 
its  Tranfparency . 

If  we  look  warily  among  the  regular  and 
intire  Flakes  of  Snow,  as  has  been  faid,  we 
always  find  them  conftituted  of  Rowels  of  fix 
Points,  adhering  to  each  other  by  the  Ends  of 
thofe  Points;  fometimes  however  they  appear 
in  broken  Points  and  Parcels,  that  feem  to  be 
only  F ragments  of  the  regular  ones ;  and  fome 
there  are  that  feem  to  be  wholly  unform’d. 
This  probably  proceeds  from  the  Accidents 
they  may  have  met  with  in  their  Defcent  to  the 
Earth ;  as,  by  various  Winds  in  their  Paffage, 
they  may  be  firft  thaw’d  and  then  frozen  per¬ 
haps  again,  and  fo  occafion  this  feeming  Irre¬ 
gularity. 

Th  o’  Snow  feems  to  be  foft,  it  is  truly  hard 
as  Ice;  and  did  not  the  Points  melt  on  the 
Approach  of  the  Finger,  or  yield  under  it, 
they  would  appear  fo  to  the  Touch,  as  when 
it  is  crufhed  by  the  Foot,  it  really  does.  It  is 
however  very  light,  on  Account  of  the  extreana 
Thinnefs  of  each  Icicle,  and  of  its  large  Sur¬ 
face  in  Proportion  to  its  Weight;  and  Gold, 
tho’  the  moil  ponderous  of  Metals,  will  eafily 
ride  on  the  Air,  we  know,  when  beaten  into 
thin  Leaves, 

Snow  is  white,  becaufe  it  confifts  of  Parts 
that  fingly  are  traiifparent ;  but  when  they  are 
mixed  together,  they  appear  white ;  as  do  the 

Parts 
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Parts  of  Glafs,  Froth j  and  other  diaphanous 
Bodies,  whether  foft  or  hard. 

On  Sounds. 

SOUND  is  itfelf  not  a  Body,  but  a  Mo-* 
tion,  accidentally  impreffed  on  the  Body 
of  the  Air,  by  the  Tremors  of  founding  Bodies, 
excited  either  by  Percuffion  or  the  like.  It  is 
a  Motion  very  different  from  that  of  the  Winds, 
which  confifts  in  the  local  Motion  of  the  Air, 
or  a  Stream  of  it  flowing  fucceflively,  with¬ 
out  the  leafl:  Vibration ;  whereas  Sound  is  con¬ 
veyed  by  fuch  a  Motion  of  this  Fluid,  as  is 
incapable  of  producing  any  Repetition  thereof 
in  the  fame  Place;  but  having  once  floated  along 
the  Medium  by  the  Ear,  the  Sound  feems  to 
drop  at  once,  and  be  thenceforward  there  wholly 
loft,  unlefs  it  be  afterward  refledled  thither. 

The  Motion  of  the  Air  in  the  Winds  will 
aft  vigoroufly  on  Flame  ;  but  it  aftefts  not 
the  Ear  with  Sound,  unlefs  it  meets  with  fome  • 
fixed  Objeft,  the  Reliftance  whereof  caufing  a 
Vibration  therein,  it  then  becomes  audible. 
•But  the  Agitation  of  the  Air,  in  the  Cafe  of 
Sounds,  gives  no  Motion  at  all  to  Flame:  For 
a  lighted  Candle  put  near  a  great  Bell,  when 
made  to  found,  will  not  have  its  Flame  agi¬ 
tated  in  the  leaft  thereby.  ^ 

Sir  Isaac  Newton,  according  to  the  re¬ 
ceived  Notion  of  this  Truth,  alfo  demonftrates, 

in 
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in  the  43^/  Propofition  of  the  -xd  Book  of  his 
Pri}icipia,  That  Sounds,  as  they  rife  from  the 
tre^nulous  Motion  of  elajiic  Bodies,  are  nothing 
more  than  the  Propagation  of  a  Pulfe  in  the 
■Air  f oaken  thereby  :  And  this  is  confirmed  by 
the  great  Tremors  that  ftrong  and  grave 
Sounds,  as  the  Report  of  Cannon,  or  the 
Sound  of  great  Bells,  excite  in  Bodies  all  round 
them.  And  he  concludes,  that  Sounds  do  not 
confifi:  in  the  Motion  of  any  Atther,  or  finer 
Air,  as  fome  have  afferted,  but  in  the  Agita¬ 
tion  of  the  whole  Body  of  the  grofler  Air  con¬ 
tiguous  ;  becaufe  by  Eixperiments  we  find,  that 
the  Motion  of  Sounds,  and  their  Propagation, 
depends  abfolutely  upon  the  Denfity  of  the 
whole  Air, 

To  prove  this  5  if  we  put  a  fharp-noted  Bel! 
under  a  Receiver,  and  ring  it,  it  will  be  heard 
to  a  good  Dilfance ;  exhaull  the  Air,  and 
make  the  Clapper  ft rike  againft  the  Sides,  the 
Sound  will  gradually  abate  ;  and  when  the  At- 
molphere  is  quite  removed,  it  will  fcarce  be 
heard  at  all.  Again,  if  the  Air  be  condenfed  in 
the  Receiver,  the  Sound  will  grow  louder  and 
louder,  in  juft  Proportion  to  the  Degree  of  Con- 
denfation,  or  the  Qiwntity  of  Air  crouded  in. 

Nor  does  this  happen  only  in  forced  Rare-* 
faftions  and  Condenlations ;  but  in  fuch  alfo 
as  are  natural ;  As  is  evident  from  Fr  e  dl  i  c  i  u  s’ 
Account  given  in  Varenius’  Geography,  of 
his  Journey  to  the  Top  of  the  Carpathian 
Mountains  in  Hungary,  faid  to  be  higher  than 

Y  the 
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the  Alps.  Here  the  Atmofphere,  on  account 
of  the  Abatement  of  its  Height,  with  regard 
to  the  Sea  and  lower  Parts  of  the  Earth,  muf!: 
be  very  much  attenuated  j  and  the  Explofion 
of  a  Mufquet  there  fired,  feemed  to  him  to 
found  but  like  the  Breaking  of  a  little  Stick. 

It  may  alfo  here  be  remark’d,  that  in  mifty 
Weather,  when  the  Air  is  loaded  with  Water, 
or  floating  Vapours,  Parts  of  an  unelaflic  Fluid, 
Sounds  feem  to  come  heavily  to  the  Ear,  and 
much  altered  from  what  they  feem,  from  the 
fame  Objects,  when  the  Air  is  clear. 

The  Sound  of  the  Bell,  continually  fenfibly 
increafing  on  the  gradual  Re-admiflion  of  the 
Air  into  the  Receiver,  plainly  fhews,  that  the 
Quantity  of  Sound  depends  on  the  Degree  of 
the  Condenfation.  Mr.  Hawkesbee’s  Expe¬ 
riments  on  Sounds  made  in  the  condenfing  En¬ 
gine,  put  this  Matter  alfo  beyond  all  Doubt; 
and  fuch  Perfons  as  at  great  Depths  of  Wa¬ 
ter,  in  the  Diving-bell,  have  their  Atmofphere 
very  denfe,  and  of  Confequence  very  elaftic, 
at  the  ordinary  Pitch  of  Speaking  feem  to  give 
very  high  Words ;  and  a  Perfon  who  attempted 
to  blow  a  Hunting-horn  in  that  Situation,  had 
like  to  have  llunn’d  both  himfelf  and  Hearers. 

This  can  only  proceed  from  the  Parts 
of  the  elaftic  Fluid,  adjacent  to  the  found¬ 
ing  Body,  being  thereby  put  in  Motion,  which 
immediately  thereupon  catch  and  communicate 

Motion  to  thofe  which  lie  neareft,  thefe  to  the 

. . .  '  .  next. 
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next,  and  fo  forward,  tho’  more  and  more  faintly^ 
till  by  the  Diftance  from  the  Centre  of  Sound* 
or  the  Inadtivity  of  the  Matter^  in  the  Coiirfe 
of  its  Progrefs  to  be  moved,  the  Refiftance 
will  at  length  be  equal  to  the  Impulfe,  and 
the  Motion  therefore  be  no  farther  propagated. 
Much  as  a  Stone  thrown  into  VV^ater^  will  there¬ 
in  immediately  raife  a  wavy  kind  of  M^otionj 
ftewnby  the  concentric  Circles,  continually  float¬ 
ing  off,  but  growing  lefs  and  lefs  confpicuouSj 
till  they  impinge  or  llrike  againfl:  the  Bank  if 
near,  or  finally  difappear  of  themfelves,  if  the 
Surface  thus  put  in  Motion  be  over-large.  It 
mufl  only  be  obferved,  that  the  Tremors  of  the 
elaftic  Particles  beforefaid  will  be  propagated  from 
the  founding  Body,  in  all  Direftions,  as  from  the 
Centre,  to  all  Parts  of  a  furrounding  Sphere. 

For  this  Realbn,  the  Organs  of  Hearing, 
that  are  equally  fenfible  and  good,  are  equally 
affedled  by  the  fame  Sound,  convey’d  to  them 
frorix  equal  Diflances ;  and  at- different  Diftances 
they  are  by  it  differently  affedled,  receiving  it  in 
a  different  Manner.  For  Inftance,  a  Perfon,  at 

es,  may  hear  St.  PauH 
Clock  ffrike  without  any  great  Emotion;  but 
at  the  Diftance  of  ten  Yards  it  would  give  hina 
a  good  deal  of  Surprife.  The  Collifion  of  the 
Bell  with  the  circumjacent  Air  will  be  there 
very  violent  ;  but  farther  off  the  Motion  wiU 
become  moderate  and  more  languid.  And 

The  Blow  on  thefe  Occafions  given  to  the 
Membrana  Tsinpani  vvill  be  fucceflively  propa- 

-  2;  gated 
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gated  thro’  the  artful  Meandrings  of  the  Ear,  till 
at  length  the  auditory  Nerves  will  be  more  or  lefs 
fliaken  thereby,  and  the  Senfation  of  Sound  will 
to  the  Perception  be  conveyed,  in  Proportion  to 
the  Degree  of  the  Impulfion  given ;  upon  which 
alone  the  Variety  of  Sounds  wholly  depends. 

It  may  not  here  be  amifs  juft  to  hint, 
that  in  the  Procefs  of  Hearing  there  is  a  two¬ 
fold  Impulfe  given  to  the  auditory  Nerves,  and 
both  propagated  from  the  Membrana  'Tympam. 
One  feems  to  be  by  the  undulating  of  the  Air 
in  the  Cavity  of  the  fubjacent  Concha  or  Drum 
of  the  Ear,  which  ad;s  upon  the  Membrane 
of  the  Foramen  rotundum :  And  this  only  in¬ 
fluences  one  of  the  Ipiral  Cavities  of  the  Coch¬ 
lea.  The  other  Impulfe  is  made  with  won¬ 
derful  Contrivance  and  exquiflte  Art :  The 
Tremor  of  the  Membrana  Fympani  being  pro¬ 
pagated  all  along  the  five  fmall  Bones  of  the 
inner  Ear,  fome  of  which  are  movable,  to  the 
Membrane  of  the  Foramen  ovale,  which  opens 
into  the  Vejlibulum  or  Porch,  whence  alone 
the  fonorous  Motion  is  communicated  to  the 
Nerves,  which  are  very  artfully  diftributed  a- 
long  the  other  fpiral  Cavity  of  the  Cochlea^ 
and  its  three  femicircular  Canals. 

The  moft  elaftic  Bodies  are  the  moft  fono-» 
rous ;  therefore  Bell-metal,  Glafs,  and  the  like, 
are  remarkably  fo :  But  nothing  more  than  a 
well-ftretch’d  String.  This  being  ftruck,  will 
found  a  confiderable  Time,  vibrating  thisVVay 
and  that^  crofting  the  Line  at  each  Vibration, 

as 
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as  a  double  Pendulum  would  do.  Its  Motions 
in  this  Cafe  are  deferibed  Flate  9.  Fig,  13. 
W'herein  ABvs,  the  Direction  of  the  String  be¬ 
fore  it  is  ftruck,  and  A  D  B  and  A  C  B  the 
Figure  it  will  form  after.  Thefe  Vibrations  are 
greateft  juft  after  the  Stroke,  the  greateft 
Range  being  made  by  the  Middle  of  the  String ; 
and  from  the  Counter-aeftion  of  the  two  fix’d 
,  Points  A  and  B,  and  the  Refiftance  of  the 
Air  it  ftrikes  againft  at  each  Vibration,  the 
String  at  length  ceafes  to  move  or  found. 

Father  Mersennius  fays,  he  found  by 
certain  Experiments,  that  a  String  extended  till 
it  was  of  a  Concert  Pitch  wdth  the  Note  C faut 
in  the  Middle  of  the  Bafe  Cliff,  made  no  lefs 
than  an  hundred  and  four  Vibrations  in  a  Se¬ 
cond  of  Time,  which  confequently  gave  as 
many  Impulfions  to  the  ambient  Air;  but 
were  fo  fwiftly  performed,  even  here,  toward 
the  Bottom  of  the  Gamut,,  where  the  Vibra¬ 
tions  are  beyond  Comparifon  flower  than  they 
are  above,  that  the  Ear  was  not  fo  perfedt 
as  in  the  leaft  to  diftinguilh  the  Intervals 
thereof :  But  as  in  whirling  a  live  Coal 
round  pretty  faft,  tho’  we  know  it  changes  its 
Place  fucceffively,  and  every  Moment,  yet  it 
appears  to  the  Eye  to  deferibe  one  conti¬ 
nued  Circle  of  Fire,  we  are  apt  to  judge 
that  to  be  a  Continuity  of  Sound,  which  in 
Effedl  is  the  Confequence  of  feveral  diftindt 
Strokes  or  repeated  Impulfes  from  the  found¬ 
ing  Body.  And  Sir  Isaac  Newton  fliews^ 
in  the  Corollary  of  his  48  th  Propofition,  That 

Y  3  th& 
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the  'Number  of  Pulfes  propagated,  is  always  the 
fame  with  the  Number  of  the  Vibrations  of  the 
tremulous  Pody  j  and  that  tfoey  are  not  by  any 
Means  multiplied  in  their  Progrefs  from  it. 
This  alfo  plainly  appears,  by  the  immediate 
ceafing  of  the  Sound,  with  the  ftopping  the 
Tremor  of  the  founding  Body,  which,  in 
Bells  that  are  ftruck,  is  fufficiently  plain  to  the 
Touch,  and  in  Strings  of  a  grave  Tone  it  is 
alfo  evident  to  the  Eye. 

The  Difference  of  the  Velocity  of  the  Vi¬ 
brations  of  Strings  founding  a  higher  and  a 
lower  Note,  may  be  in  Part  colledted  from 
the  very  great  Smartnefs  wherewith  the  Ihorter 
Strings  of  a  Spinet  will  throw  off  a  Fragment 
of  Paper,  or  other  light  Body,  hung  loofely 
thereon;  whereas  on  the  longer  it  will  eafily 
ride,  at  equal  Diftances  from  the  Jack,  when 
the  Strings  are  made  to  found. 

T H  E  Manner  in  which  a  Stroke  atffs  upon 
a  Bell,  is  fomething  difierent  from  one  on  a 
String,  The  yibrations  of  this  are  made  di- 
redlly  acrofs  the  Line  of  its  Tenfion;  the  on¬ 
ly  fixed  Point  of  the  other  is  that  of  its  SuL 
penlion  at  the  Crown,  or  in  the  ftrongeff  Part 
ol  the  Bell.  The  firft  is  a  fingle  ffreight 
Chord ;  the  other  is  compofed  of  an  infinite 
Number  of  Rings,  greater  or  lefs  in  Diame¬ 
ter,  according  to  their  Diftances  from  the  fixed 
Point.  As  thelongeft  String,  when  ftretched, 
vibrates  iioweft,  fo  do  the  Rings  of  greatell 
C^ircumfcrence  in  this  Machine  ;  Hence  we 
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find  that  a  Bell  differs  in  Tone,  according  to  the 
Part  ’tis  ftruck  in.  Toward  the  Top,  the 
Sound  will  be  more  fharp;  toward  the  Bafe, 
more  grave ;  according  to  the  different  Dimen- 
lions  of  the  circular  Chord,  fuppofed  to  be 
ftruck, 

A  Stroke  on  a  Bell  throws  that  Machine 
into  an  elliptical  Form ;  If  it  be  ftruck  with¬ 
out,  the  Front  and  Rear  are  thruft  thereby 
nearer  together,  the  Sides  fiie  out,  and  the 
Endeavour  of  the  elaftic  Matter  to  reftore  it 
feif  to  its  circular  Figure,  vibrating  to  and  again, 
becoming  elliptical  as  it  were,  firft  one  Way  and 
then  another,  is  what  gives  and  continues  the 
Sound  :  and  if  the  Blow  come  from  within,the 
contrary  muft  happen.  This  will  be  evident, 
from  ftriking  a  glafs  Beil,  faft  fufpended  in  a 
Frame,  by  the  Crown,  having  a  Screw  in  one 
of  its  Pillars,  which  may  be  either  eafily  ad¬ 
vanced  toward  the  Machine,  or  withdrawn 
from  it,  at  Pleafure.  The  Jarring  of  the  Ma¬ 
chine  againft  the  Screw,  when  gently  ftruck 
in  Front  or  Rear,  will  (hew  that  the  Diame¬ 
ter  is  increafed  at  right  Angles  to  the  Diredtion 
of  the  Blow ;  and  its  not  jarring  when  ftruck, 
in  like  manner  toward,  or  in  the  Diredion  of 
the  Screw,  will  demonftrate,  that  the  fore  and 
back  Side  do  then  fiie  out,  on  the  firft  Im- 
pulfe  given. 

The  Difference  of  mufical  Tones  (which 
are  only  feven  diftind,  or  the  Notes  of  the 
Gamut  i  and  the  whole  Compafs  of  Notes  a- 

Y  4,  bove 
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bove  or  below  tliefe,  are  no  more  than  a  Re¬ 
petition  of  the  fame  Notes,  either  in  a  higher 
or  lower  Key)  depends  on  the  different  Num¬ 
ber  of  Vibrations,  communicated  to  the  Air 
in  a  given  Time,  by  the  Tremors  of  the 
founding  Body.  The  quicker  the  Succeffion  of 
the  Vibrations  is,  the  acuteris  the  Tone  5  and 
the  contrarv.  ' 

V  .  •  ? 

There  are  various  V^ays  of  making  Strings 
exprefs  the  Notes  in  Mufick.  The  fimpleft  Way 

of  doing  this,  is  to  extend  them  with  Weights ; 

and  if  they  be  of  one  Length  and  Thicknefs,^ 
keeping  the  Series  of  the  fquare  Numbers,  vizi. 
I,  4,  9,  16,^25,  36  and  49,  will  produce  this 
Effedl  ■*.  If  you  would  have  the  Weight  or 
the  Extenfions  all  equal,  you  mufi:  increafe  the 
Diameters  of  the  Wires  or  the  cylindrical  Strings 
fo,  that  the  Areas  of  their  Sedlions  may  be  in 
the  foregoing  Proportion.  But  the  bed  Way 
of  doing  this  is,  by  Stretching  or  Tenfion,  and 
then  compounding  both  thofe  Proportions  in  a 
judicious  Manner,  for  the  fake  of  Convenience  • 
as  is  done  in  the  Harp,  Dulcimer,  Spinet,  and 
Indruments  of  that  Kind ;  the  Strings  whereof 
are  extended  above,  and  one  End  of  them 
fixed  over  a  Cavity  intended  to  magnify  their 
Sound.  This  is  always  covered  by  the' Belly, 
a  dry  eiadic  Piece  of  porous  white  Fir,  left 
thicker  beneath  the  Treble  Strings,  an^  thin¬ 
ner 

^  The  fame  Rcafoii  obtains  alfo  in  Bells ;  for  if  you  chufe  feven 
Driiiking-glaffes  all  of  the  fame  Note  and  Tonej  and  fill  them 
with  Water  in  Proportion  to  thofe  Numbers,  they  will  exprefs  the 
fcvcral  Notes  of  Mufek  tolerably  well  j  but  in  an  inverted  Order* 

•  .  ■  V 
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ncr  under  the  Bafe,  that  it  may  by  their  feveral 
Vibrations  be  more  or  lefs  fhaken,  in  order,  by 
its  Counter-vibration,  to  moderate  the  Notes, 
to  mix  and  meliorate  the  Sound,  and  fo  to  give 
what  is  called  the  fine  Tone  of  the  Inftrument. 

A  Musical  Chord  performs  all  its  Vibra¬ 
tions, ^  whether  long  or  fliort,  in  the  fame  Space 
of  Time,  for  if-  a  String  be  firetched  between 
two  Pins,  and  a  Force  be  applied  to  the  rnid- 
dle  Point,  to  draw  it  out  of  its  redilineal  Si-r 
tuation,  if  the  Difiance  he  but  fmall,  ’twill  be 
in  Proportion  to  the  Force  applied  ;  and  con- 
fequently  the  Velocity  wherewith  it  returns, 
when  left  to  itfelf,  will  be  as  the  Space  it  has 
to  move  over ;  and  ’twill  therefore  perform  all 
its  Vibrations,  from  firft  to  lalt,  in  the  fame  Time. 
For  which  Reafon  the  fame  Chord,  in  what  man¬ 
ner  foever  firuck,  always  produces  the  fame  Note. 
It  is  alfo  found  by  Experience,  that  when  Strings 
of  equal  Diameter,  but  of  different  Lengths, 
are  equally  ftretched,  the  longer  they  are,  fo 
much  the  lefs  Weight  will  draw  them  from 
their  redilineal  Situation,  to  the  fame  Difiance  j 
the  Forces  therefore  by  which  they  return 
are  lefs,  the  Times  of  their  Vibrations  longer, 
and  their  Tones  are  confequently  more  grave. 

When  two  Chords  perform  their  Vibrations 
in  equal  Times,  the  Tone  produced  is  termed 
a  Vnifon.  If  one  performs  one  Vibration, 
while  the  other  is  making  two  j  ’tis  called  an 
O^ave.  If  one  makes  three,  while  the  other 
r.vo  j  ’tis  called  a  Fiftk  If  one  three,  while 

the 
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the  other  four  ;  ’tis  called  a  Fourth.  If  there 
be  an  Interval  of  two,  or  if  the  Vibrations 
are  as  i  to  3  ;  ’tis  called  a  Fhirdy  &c. 


To  make  an  Umfon  Sound,  it  is  not  necef- 
fary  that  the  Vibrations  of  the  two  Strings 
fiiould  actually  concur ;  but  only  that  they 
fliould  be  performed  in  equal  Times,  fo  that 
they  would  always  concur,  if  they  began  at 
the  fame  Inflant.  For,  as  it  has  been  obfer- 
ved,  the  Ear  perceives  not  the  hngle  Vibrations 
diftindlly ;  but  only  difcovers  that  Difference, 
which  proceeds  from  the  Intervals  of  Time 
which  pafs  between  them. 


From  thefe  Principles,  we  endeavour,  with 
a  late  ingenious  Author,  to  account  for  the 
Trembling  excited  in  all  the  Unifon  Strings  of 
any  Set  of  Inftruments  in  Tune,  when  any 
one  of  them  is  made  to  fpeak.  For  the  Vi¬ 
brations  of  the  Air,  which  correfpond  to  the 
Tremors  of  the  firfl,  agreeing  exactly  in  point 
of  Time  with  thofe  which  are  capable  of  being 
given  to  the  others,  when  they  have,  by  their 
firfl  Impulfe,  communicated  a  fmall  Degree  of 
Motion  to  them,  will  by  confpiring  therewith,  as 
they  move  backwards  and  forwards,  by  the  fame 
Means  continually  increafe  their  Motion,  till  it 
becomes  fenfible.  And  the  contrary  happens 
when  Strings  are  in  Difeord  with  each  other : 
For  in  this  Cafe,  fliould  one  poffibly  give  Motion 
to  the  other,  yet  their  Vibrations  not  being  per¬ 
formed  in  equal  Times,  the  fecond  will  come 
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unfeafonably,  and,  when  the  other  is  moving 
the  contrary  Way,  will  obftrudt  its  Motion. 

It  is  farther  obfervable,  that  all  the  O Slave 
Strings  of  a  Harplicord  in  Order,  will  tremble 
more  or  lefs  when  any  one  of  them  founds. 
If  one  of  them  vibrates  twice,  while  the  other 
once,  every  fecond  Vibration  of  the  former 
will  found  a  JJnifon  with  every  one  of  the  lat¬ 
ter.  So  if  one  vibrates  thrice,  while  the  other 
once,  the  Intervals  of  the  laft  will  be  divided 
into  three  Parts,  each  of  which  will  found  a 
Unifon  with  it,  while  the  two  Points  between 
thofe  two  Parts  will  remain  at  Reft ;  or  other- 
wife  they  would  interfere,  hinder  each  others 
Vibration,  and  not  receive  from  thence  Mo¬ 
tion  fufficient  to  produce  either  a  Tremor  or 
a  Sound.  Thefe  Experiments  are  to  be  made 
very  well  on  Glalles  of  Water,  rightly  toned  j 
becaufe  the  inclofed  Fluid  will  help  to  make 
the  Tremors  more  evident. 

That  Strings  thus  circumftanced  do  adlu- 
aliy  vibrate,  and  therefore  give  a  Sound  in  fome 
Degree,  will  alfo  be  fufficiently  plain,  from 
obferving  the  Motion  of  a  fmall  Piece  of  Pa¬ 
per  or  Down  put  on  all  the  Unifon  or  OSlave 
Strings  of  all  Inflruments  in  Tune.  And  the 
Thirds  and  Fifths  being  more  nearly  allied  to 
thefe  in  Point  of  Tone  than  any  other,  fome- 
thing  of  an  inferior  Motion  may  be  obferved 
in  them,  when  an  OSlave  founds  :  Thefe 
three  Notes  are 
^ords. 

Now 
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Now  as  a  XJnifon  String  in  Vacuo  cannot 
this  Way  have  Motion  communicated  to  it,  it 
thence  appears,  that  his  the  Collifion  of  the 
founding  String  with  the  Parts  of  the  Medium, 
put  thereby  in  Motion,  which  excites  a  cer¬ 
tain  Degree  of  Motion  in  all  thofe  Bodies,  that 
within  the  Reach  of  the  Sound  happen  to  be 
in  the  fame  Difpofition,  with  regard  to  Ten- 
iity  and  Tone,  to  receive  that  kind  of  Im- 
pulfe  or  Impreflion  from  it.  For  Inftance;  one 
kind  of  Tone  fhall  make  the  Pewter  jar  j  a  fe- 
cond  Note  will  caufe  the  China  and  the  Glalies 
to  ling  j  a  third  fhall  put  your  Seat  in  Motion, 
a  fourth  fhall  fet  your  Teeth  on  Edge  j  and 
the  like. 

Hence  too  it  is,  that  fome  Perfons  are  able 
to  break  a  Drinking-glafs  merely  by  the  T one 
of  their  V oice  when  brought  to  a  Unifon  with  it. 
The  Sound  of  the  Glafs,  being  ftruck,  always 
gives  its  natural  Note ;  which  being  increafed  by 
Degrees,  from  a  fmaller  to  a  larger  Degree  of 
Vibration,  the  Tremor  at  length  becomes  too 
great  to  be  fupported  by  fo  brittle  a  Subfiance. 

From  a  Principle  like  this,  with  fome  Pro¬ 
bability  perhaps,  we  may,  at  leaft  in  Part,  de¬ 
duce  the  Caufe  of  the  cuflomary  lazy  Adtion 
of  Yawning,  often  appearing  to  be  fympathe- 
tick.  It  muft  be  allowed,  that  every  Part  of 
the  Animal  Syflem  is  made  up  of  Fibres,  or 
little  Strings :  Of  thefe  the  Mufcles  of  the  Flelli 
are  compofed  j  fb  are  the  Bones,  Tendons  and 

Nert^es, 
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Nerves,  all  in  a  various  Degree  of  Tenfion, 
according  to  their  Texture,  Office  and  Ufe : 
Thefe  are  therefore  ready  to  receive  Impreffi- 
ons  from  the  moving  of  their  XJjiifon  Strings^ 
and  to  repeat  the  Notes  which  they  ffiall 
found. 

T  K  E .  Perfon  then  that  leads  this  Concert, 
either  having  his-Spirits  wafted  by  a  long  Watch¬ 
ing,  or  from  fome  great  Application,  or  he  may 
perhaps  be  enervated  thro’  a  too  long  Indo¬ 
lence,  whereby  his  Nerves  and  Syftem  of  Fi-* 
bres  may  be  all  relaxed :  Thefe  therefore  want 
bracing  up,  and  being  all  elaftic  Chords^  by 
ftretching  they  recur  and  naturally  contradt,  af¬ 
ter  Extenfion,  with  greater  Force  and  Vigour. 
Nature  by  this  Means  is  a  while  refreflied,  and 
when  the  flags  again,  is  again  ftimulated  to  a 
Repetition  of  the  fame  Experiment.  Now 
fuch  of  the  Affiftant-Performers  as  happen  to 
be  in  the  fame  Circumftances,  and  have  their 
Fibres  lowered  down  to  the  fame  Pitch,  im¬ 
mediately  take  it,  and  incline  like  a  Set  of  Uni- 
fon  Strings,  to  give  the  fame  Note  ;  and  this  it 
often  like  a  Contagion  fpreads,  and  goes  round 
the  Company. 

And  doubtlefs  it  is  from  much  the  fame 
Caufe  that  good  Mufick  has  fo  great  a  Com¬ 
mand  over  and  fo  vifible  an  Eftedl  on  the  Paffi- 
ons  of  Men.  The  fibrous  Syftem  is  always  tenfer 
in  Age,  and  more  pliant  in  Youth ;  fome  of  thofe 
Fibres  will  correfpond  with,  and  be  afFedted  by 
Mufick  of  oneSoit  j  fome  by  another,  The  Young 

there- 
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therefore  are  ufually  delighted  with  Airs,  whicli 
are  gay,  bounding  and  lively  j  the  Middle-aged 
are  more  pleafed  with  martial  Mulick,  and  the 
Din  of  Warj  and  the  Antient  generally  prefer 
the  Solemnity  of  Church-mufick  to  any  othen 
Thus  does  our  Talle  of  Things  often  vary  with 
our  Years  j  nor  is  our  Opinion  always  within  our 
Power.  It  will  be  prudent  therefore,  never, 
at  leaft  not  too  pofitively,  to  condemn,  what, 
from  the  Changes  in  our  natural  Conftitution 
and  Frame,  we  may  be  in  Danger  one  Day 
of  falling  into  ourlelves  j  nor,  on  the  other 
Hand,  too  eagerly  to  cenfure  the  Levity  and 
little  Extravagance  of  Tafte  in  others,  the 
Senfe  whereof  we  have  either  now  out-lived, 
or  what  from  a  different  Organization  of  Body 
we  could  not  poffibly  fall  into. 

Where  a  Multitude  or  the  moft  of  our 
Fibres  are  agreeably  moved,  by  the  excellent 
Performance  of  a  fine  mufical  Compofition, 
we  are  apt  to  be  tranfported.  When  mourn¬ 
ful  Sounds  invade  our  Ears,  we  are  moved  to 
Pity  ;  fprightly  Airs  infpire  Love ;  martial  Fury 
is  to  be  raifed  by  fitting  Sounds,  and  proper 
Meafures :  And  thus  may  the  generality  of  hu¬ 
man  Paffions  be  influenced  by  Mufick ;  as  Mr. 
Dryden  and  Mr.  Pope  have  finely  defcribed 
in  their  feveral  Odes  upon  St.  Cecilias  Day. 

Wherever  we  meet  with  a  Colleftion  of 
harfli,  difcording,  unharmonious  Sounds,  wc 
are  moft  fenfibly  tortured ;  doubtlefs  from  the 
before-mentioned  Gaufe  •  The  Mind  feems  to 

be 
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be  thereby  unhinged,  and  great  Violence  is 
done  to  the  whole  Conftitution.  This  made 
Lord  Verulam,  who  was  a  very  good  Judge 
of  human  Nature,  think,  that  an  Anti-mufick 
might  be  contrived,  of  fomeUfe  in  War,  where¬ 
by  Groans,  Screams,  and  hideous  Clamours, 
might  be  conveyed  to  the  Ears  of  the  Enemy, 
and  Horror  and  dreadful  Apprehenfions  to 
their  Minds.  But  whether  this  might  not 
have  equally  a  bad  Effed:  on  thofe  who  ufed 
it,  is  a  Queftion ;  and  perhaps  one  Reafon  why 
this  Thought  has  been  purfued  no  farther. 

It  muft,  however,  be  confefs’d,  that  the 
Shouts  winch  our  Countrymen  frequently 
make,  when  they  undertake  any  very  hazard¬ 
ous  Attempt  in  War,  has  its  Ufe  ;  chearing 
themfelves,  at  the  fame  time  perhaps  that  it 
fpreads  Difmay  am.ong  the  Enemy  ;  more  elpe- 
cially  fince  they  ad:  together,  and  in  Concert  exe¬ 
cute  the  Commands  they  have  received :  While 
the  adverfe  Party,  being  unapprehenfive  of 
what  is  meant  or  intended,  are  divided  in  their 
Sentiments,  unprepared,  and  therefore  lets  re- 
folute  in  their  Defence,  than  the  other  are  in 
making  the  Attack. 

The  Effed  Mufick  has  on  Perfons  bit  by 
the  ‘Tarantula,  if  true,  is  aifo  a  confiderable 
Proof  of  the  Power  of  Mufick,  in  putting  the 
Fibres  of  the  Body  in  Motion.  The  Taran¬ 
tula  is  a  large  Spider,  faid  to  be  obnoxious  only 
to  the  People  of  Apulia,  a  Part  of  Calabria, 
in  the  Southermoft  Part  of  Italy,  The  Patient 

after 
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after  the  Accident  lofes  both  Senfe  and  Mo¬ 
tion,  and  dies  if  deftitute  of  Help.  The  mofi 
effedlual  Remedy  is  Mufick.  The  Mufician 
tries  Variety  of  Airs,  till  he  hits  upon  one  that 
affedls  the  Patient,  who  upon  that  begins  to 
move  by  Degrees,  and  keeps  Time  with  his 
Fingers,  Arms  and  Legs,  afterwards  with  his 
whole  Body.  He  then  raifes  himfelf  up,  be¬ 
gins  to  dance,  increaling  in  Activity  every  Mo¬ 
ment,  till  after  five  or  fix  Hours  fmart  Exer- 
cife  in  this  Way,  being  much  fatigued,  he  is 
put  to  Bed,  to  recover  Strength.  The  next 
Day  the  fame  Air  brings  him  out  of  Bed  for 
a  new  Dance,  and  no  other  Perfuafion  what¬ 
ever  will  incline  him  to  ftir.  This  Exercife 
being  thus  continued,  the  Diftemper  is  abated 
in  the  fpace  of  four  or  five  Days,  the  ElFeds 
of  the  Poifon  being  then  in  fome  Meafure  car¬ 
ried  off  by  Sweat,  and  the  Patient  begins  to 
recover  his  Strength  and  Senfes  by  Degrees. 

I  HAVE  feen  a  Perfon  that  was  born  deaf, 
and  probably  fo  will  always  continue,  when 
he  held  the  End  of  a  Violin  between  his 
Teeth,  on  which  another  played,  rejoice  very 
much,  as  being  made  that  Way  fenfible  of  the 
Mufick.  This  could  only  be  communicated 
to  his  Perception  by  the  Vibration  of  the  folid 
Parts,  the  Bones  of  his  Head,  communicated 
thereto  by  thole  of  the  Inftrument 

And  this  Experiment  any  one  may  miake, 
by  flopping  his  Ears  with  his  Fingers  fo  clofe, 

that  he  cannot  hear  an  Inftrument  that  fliall 

be 
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be  played  on  ;  let  him  then  lean  his  Head, 
either  againll;  the  Inftrument  itfelf,  or  apply  it 
to  the  End  of  a  long  Stick  that  bears  againft 
the  Inftrument,  and  he  will  diftindtly  perceive 
every  Note  that  is  played. 

This  is  one  Way,  and  a  very  certain  one  it 
is,  which  the  Mariners  take  to  difcover  where" 
about  the  Leak  .in  a  Ship  is,  when  not  ealily 
to  be  found,  viz.  They  take  a  Staff,  and  hold¬ 
ing  one  End  of  it  tight  to  the  Ear,  they  ap¬ 
ply  the  other  fucceffively  to  the  feveral  Parts  of 
its  Sides,  till  they  diftinilly  hear  where  it  is 
the  Water  ruflies  in,  tho’  the  Noife  be  too  in- 
confiderable,  and  not  poflible  to  be  found  by 
the  Ear  alone.  And  every  one  knows  how 
difficult  ’twould  be  to  remove  all  the  Ballafl 
and  Stowage  of  this  bulky  Machine,  in  order 
to  difcover  it  any  other  way. 

It  is  a  common  Experiment,  for  a  Perfon 
liftening  at  one  End  of  an  extended  Cable,  or 
a  Stick  of  Timber  of  any  Length,  to  hear  a 
Scratch  made  with  a  Pencil,  or  a  fmall  Fillip 
with  the  Finger,  at  the  other,  purely  by  the 
Elaflicity  of  the  Parts  of  thofe  Bodies.  The 
Centinels  of  the  advanced  Guard,  in  Time  of 
War,  are  ordered  to  lie  on  their  Bellies,  with 
their  Ear  to  the  Ground,  that  the  earlied;  No¬ 
tice  of  any  Motion  of  the  Enemy  may  fo  be 
liad,  and  prevent  a  Surprize;  the  Sound  being 
communicated  a  long  Way  by  means  of  the 
Earth.  And  jealous  Princes  have  fometimes 
had  Pipes  laid  from  the  Council  to  the  Cabinet, 

Z  whereby 
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whereby  they  have  become  Mafcers  of  the 
Conferences  there  carried  on,  being  conveyed 
by  means  of  the  elaflic  Fluid  enclofed  therein. 

A  s  the  Effedt  of  String-mufick  is  produced 
by  the  Tremor  or  Vibrations  of  a  founding 
String,  excited  by  a  Blow  or  fome  external 
Force  applied  ;  fo  is  Wind-mulick  produced 
by  thofe  of  the  founding  Pipe,  by  means  of 
the  Influx  of  Air  condenfed.  The  Organ  in 
particular  has  a  very  long  Trough,  air-tight, 
with  which  the  Pipes  of  the  whole  Inftru- 
ment  communicate,  and  into  which  all  the 
Bellows  are  made  to  blow,  in  order  to  furnifli 
a  condant  Supply  of  Wind.  The  Keys,  by 
lifting  little  Springs  from  time  to  time,  let  a 
Part  of  this  Air  out  of  the  common  Maga¬ 
zine,  which  immediately  ruflies  into  its  pecu¬ 
liar  Pipe,  the  nether  End  whereof  is  formed 
Ibmething  like  the  Mouth-piece  of  a  Flute ; 
where  meeting  with  a  fharp  Edge,  exactly 
oppofite  to  the  Channel  of  Indudlion,  the 
Stream  of  Air  is  thereby  divided  into  two  Parts; 
one  whereof  pafles  without  the  Pipe,  and  runs 
wade ;  the  other  pulhes  in  with  a  F orce  fufli- 
cient  to  put  the  Parts  of  the  eladick  Matter, 
of  which  it  is  compofed,  into  fuch  a  Tremor, 
as  is  proper  to  found  the  intended  Note,  to 
which  the  Dimenfions  of  the  Pipe  and  other 
Circumdances  alfo  contribute.  The  Metal  Pipes 
are  cylindrical;  the  Wooden  ones  ufually  fquare. 

It  may  be  obferved  of  the  Flute,  Hautboy, 

and  fuch  Indruments  whereon  the  Notes  of 

Mafick 
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Mulick  are  ftruck  by  the  Help  of  Ventages 
or  Holes  made  in  the  Trunk  of  the  Tube 
that  they  are  not  bored  cylindrical,  but  coni¬ 
cally  ;  not  only  that  the  Tube  may  be  kept  of 
a  due  and  manageable  Length,  "but  allb  to 
fave  a  great  Expence  of  Breath. 

Was  the  Tube  of  the  fame  Bignefs  through* 
out,  the  Quantity  of  W^ind  requifite  to  found 
the  highefl  Note  diflindly,  would  neceflkri- 
ly  be  attenuated  in  its  Paflage  down  it,  gra¬ 
dually  mingling  with  Air  of  the  common 
Degree  of  Denfity  found  therein.  This  would 
require,  let  uy  fuppofe,  the  Aperture  fit  to  found 
the  fecond  Note  to  be  placed  an  Inch  below 
the  firft.  The  fame  Caufe  ftill  increafing,  let 
us  fuppofe  the  third  Note  put  at  the  Diftance 
of  two  Inches,  the  fourth  at  three,  the  fifth 
at  four,  the  fixth  at  five,  the  feventh  at  fix, 
and  the  Odlave  at  feven  Inches.  The  Sum  total 
of  all  thefe,  with  the  Intervals  proper  to  be 
left  between  the  Extremities  of  the  Flute  and 
the  Holes,  would  make  the  Tube  of  an  in¬ 
convenient  Length,  and  bring  the  Ventages 
not  within  the  Reach  of  an  ordinary  Set*^of 
Fingers.  It  would  alfo  require  an  uncommon 
Stream  of  Air  to  replenifli  a  Tube  thus  circum- 
ftanced;  whereas,  %  the  gradual  Contradion 
of  the  Channel,  as  'tis  bored  taper,  the  Wind 
will  be  rather  condenfed  in  its  PafTage,  and  to 
very  good  Purpofe.  To  this  Artifice  the  Work¬ 
men  generally  add  another,  which  is,  to  make 
the  Holes  of  a  greater  or  lefs  Diameter,  ac- 

"  2  cording 
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cording  as  the  Note  requires  the  Sound  to  be 
more  or  lefs  fharp. 

And  here  we  may  not  improperly  mention 
the  Organs  of  Speech,  the  Voice  being  modu¬ 
lated  or  governed  by  the  Contradion,  Exten- 
fion  and  Management  of  the  Mufcles  of  the 
LarinXy  which  is  made  up  of  five  Cartilages, 
different  in  Shape  and  Size,  and  diftind  from 
thofe  femicircular  cartilaginous  Rings  which 
conftitute  the  Windpipe;  but  are  very  nicely 
contrived  and  adjufted  to  one  another  for  mo¬ 
dulating  the  Ingrefs  and  Egrefs  of  the  Air  in 
Refpiration,  Speaking,  Singing,  The 

Mufcles  that  move  the  T ongue,  alfo  contribute 
very  much  to  the  Produdion,  Formation  and 
Articulation  of  the  V oice ;  fo  does  the  apt  Dif- 
pofition  and  Organization  of  the  other  Parts 
of  the  Mouth,  the  Palate,  Lips  and  Teeth,  A 
juft  Arrangement  of  thefe  greatly  conduces  to 
the  Propriety  and  Harmony  of  Speech:  And 
when  thofe  Parts  are  happily  formed  for  the 
Purpofe  of  Singing,  the  judicious  Performer  is 
now  a  days  found  to  be  in  PofTeffion  of  a  very 
lucrative,  as  well  as  entertaining  Qualification. 

It  is  alfo  from  a  Difference  of  the  Organi¬ 
zation  in  the  Throat  and  Mouth  of  other 
Animals,  that  to  exprefs  the  fame  Paffion  of 
the  Mind,  one  growls,  another  hiffes,  and  an¬ 
other  roars;  in  the  fame  Manner  that  equal 
Blafls  from  the  fame  Lungs  produces  one 
Tone  on  the  Trumpet,  another  on  the  F rench- 
liorn,  a  third  on  the  Baffoon,  and  the  like. 

On 
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On  the  S  p  E  a  K I N  g-T  ru  m  pet,  and 

Auricular-Tube. 

Tn  E  Speaking-trumpet  was  invented  by 
Sir  Samuel  Morland,  for  the  Bene¬ 
fit  of  making  People  hear  at  a  Diftance  ;  as  at 
Sea,  in  a  Siege,  ^c.  It  is  a  conical  Tube, 
made  of  thin  Brafs,  Tin,  or  other  elaflic  Mat¬ 
ter,  from  two  to  fix  F oot  long. 

The  Reafon  why  the  Voice  is  magnified  by 
this  Machine  is,  becaufe  it  is  made  of  a  Sub- 
ftance  eafily  fhaken,  by  the  Vibrations  whereof 
the  circumjacent  Air  is  put  into  greater  Motion. 
Thefe  being  fucceffively  propagated  thro’  the 
Tube,  are  continually  reverberated  or  refleded 
from  the  Sides  into  its  Axis,  by  that  Means  be¬ 
ing  prevented  from  fpreading,  till  they  get  out 
of  it.  The  gradual  Increafe  of  the  Cavity  of  the 
Tube  puts  all  Parts  of  the  Metal  into  a  propor¬ 
tionable  Degree  of  Motion  j  fo  that  what  T re- 
mors  might  be  confined  within  the  Compafs  of 
an  Inch  in  Diameter  at  firft,  will  be  afterwards 
difiufed  fo  as  to  fill  a  Circle,  perhaps  twelve  or 
fifteen  Inches  in  Diameter,  before  it  leaves  the 
Infirument,  which  then  generally  becomes  the 
Centre  of  Sound.  It  muft,  however,  be  obfer- 
ved,  that  the  more  fonorous  and  audible  the 
Voice  is  made  by  this  Means,  the  lefs  articu¬ 
late  or  diflind  it  is:  Juft  as  Light,  to  which 
Sound  bears  in  many  Things  a  pretty  near  Re- 
femblance,  the  more  it  is  diftufed,  the  lefs  will 
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k  diflinguifli  the  Objedls  whereon  it  falls ;  and 
the  more  it  is  condenfed,  the  brighter  and 
more  diftind;  will  the  Objects  it  is  thrown  on 
always  appear. 

For  a  contrary  Reafon  the  Auricular  Tube, 
the  Figure  of  which  is  reprefented  Fig.  14. 
Plate  9.  affifts  fuch  as  are  hard  of  Hear¬ 
ing,  when  not  occafioned  by  the  Humours 
becoming  infpiffated  by  Cold,  &c.  and  the 
Obflruckions  confequent  thereon.  In  which 
Cafe  this  Machine  can  he  of  little  Service  j 
wafhing  out-  the  Wax  does  much  better : 
But  when  the  Organ  itfelf  is  by  Age  enfeebled 
and  decayed,  that  is,  when  the  acouftic  as 
well  as  other  Nerves  have  loft  their  Delicacy, 
this  Tube  may  be  of  real  Ufe  and  Service,  in, 
rendering  Sounds  more  diftindt  and  audible. 


Th  IS  Machine  then  feems  to  be  juft  the  Re¬ 
verie  of  the  Stentorophonic  Tube,  or  the  Speak¬ 
ing-trumpet  juft  mentioned :  As  the  Ufe  of 
that  is  to  diffipate,  this  is  intended  to  colledt 
the  Rays  of  Sound.  With  regard  to  the  Stru- 
■  dture  of  it,  the  Bafe  is  beft  made  in  Form  of 
the  parabolic  Curve,  fmifliing  at  Top  with  s, 
fmall  bent  Tube,  that  it  may  more  conveni¬ 
ently  be  applied  to  the  Ear.  It  does  thus  in 
fomc  Meafure  refemble  the  auditory  Dudl,  or 
the  inner  Ear  itfelf,  which  is  alfo  fomething 
conical,  having  the  Bafe  outward,  and  the 
Jlpex  next  the  Head ;  that  fo  a  larger  Quan¬ 
tity  of  the  moved  Air  may  be  colledted,  re-t 
geiyedj  and  thereby  tranfmitted  to  the  Point 

of 
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of  the  auditory  Nerve,  which  muft  be  flraken 
to  produce  Hearing  and  give  Perception,  So 
that  this  Contrivance  is  in  EfFe£t  no  more 
than  the  Safe  of  the  Ear  enlarged,  and  there¬ 
fore  capable  of  intercepting  more  of  the  Rays 
of  Sound  than  the  Ear  alone ;  and  that  in 
Proportion  to  its  Bafe.  And  thefe  being  gra¬ 
dually  contracted  into  the  fmaller  End,  are 
thence  thrown  upon  the  Tympanum,  and  affeCt 
the  inner  Ear  according  to  the  Force  and  Quan¬ 
tity  of  the  Impreflion  received. 

The  Smoothnefs  of  thefe  Machines  is  no 
fmall  Advantage  to  the  Conveyance  of  Sounds 
thro’  them  ;  for  by  Experiment  we  know,  that 
thefe  always  glide  with  moft  Eafe,  and  move 
the  fartheft,  over  fmooth  Surfaces,  where  there 
is  nothing  to  obftruCt  and  divert  their  Progrefs, 
or  to  occafion  a  Rebound. 

On  Places  of  Hearing. 

IT  might  feem  incredible,  that  the  Voice  of 
a  Man  might  be  diftinCtly  heard  at  the  Di- 
Ibance  of  ten  or  twelve  Miles :  But  a  Gentle¬ 
man  of  great  Veracity,  who  had  lived  fome 
Years  at  Gibraltar,  affirms  to  me,  that  he  has 
at  Old  Gibraltar  heard  the  Watch-word  of  the 
Night,  V  z.  All’s  well,  given  by  the  Centinels 
to  the  P.  trole,  paffing  along  the  Ramprts 
of  New  Gibraltar,  in  a  flill  ferene  Night, 
when  the  Water  was  perfedly  fmooth,  and 
that,  he  thinks,  as  plain  and  dillinClly  as  thofe 

Z  4  who 
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who  walked  the  Round,  or  himfelf  (had  he 
been  upon  the  Rampart)  could  have  done.  The 
Bay  between  the  two  Places  he  judges  to  be 
about  three  Spanijh  Leagues  over.  This  is  a  fuf- 
ficient  Proof  of  the  Service  it  is  to  Places  of 
Hearing,  that  their  Surfaces  ihould  be  as 
fmooth  as  poflible.  Carpets,  Hangings,  and 
the  like,  are  great  Impediments  to  Hearing. 
Such  Furniture  having  nothing  elaftic  in  it, 
the  V oice  is  damped  thereby.  Snow  lying 
on  the  Ground  will  do  the  lame  thing,  and 
even  alter  the  Tone  of  Bells  very  much. 

For  this  Reafon  the  Surfaces  of  Whifperino’- 
places  are  commonly  made  very  fmooth.  They 
are  befides  this,  commonly  dilpofed  and  built 
in  a  circular,  or  at  lead;  a  curviljneal  Form, 
capable  of  catching  and  tranfmitting  all  the 
Reflexions  of  Sound  that  come  within  their 
Compafs.  That  of  the  greatefl:  Note  in  Lon¬ 
don,  is  in  the  grand  Gallery  of  St.  Paul’s  Cu¬ 
pola.  Juft  above  the  Gallery  is  a  fhrong 
fmooth  blank  Wall  painted,  being  the  Balls 
of  the  Dome.  It  is  circular,  and  being  the 
Zone  of  an  Ellipfe,  it  is  not  quite  fo  wide 
at  Top  as  at  Bottom.  Let  a  Perfon  here 
fpeak  with  his  Cheek  to  the  Wall,  in  Whifper, 
he  will  be  audibly  heard  quite  crofs  the  Gal¬ 
lery  ;  the  Pveafon  of  v/hich  comes  next  under 
Confideration. 

Let  ABC,  See.  Fig.  ip.  Plate  <).  rep)refent 
the  Line  or  Part  of  the  blank  Wall,  againlt 
which  the  Speaker  whifpers.  The  Air  put  in¬ 
to 
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to  Motion  thereby,  impinging  firft  at  A,  ac¬ 
cording  to  the  Angle  in  which  he  direds  his 
Voice  towards  the  Wall,  will  be  thence  refieded 
to  thence  to  C,  to  Z),  to  £,  and  fo  on  to  F 
and  G,  where  the  Reflexions,  brought  by  the 
collateral  and  contiguous  Lines,  will  ali'o  near¬ 
ly  meet,  and  by  their  Union,  there  caufe  a 
much  flronger  Sound  than  in  any  other  Part 
of  the  Circle  whatfoever ;  much  greater  than 
at  the  Point  from  whence  the  Sound  ori¬ 
ginally  came.  It  will  be  very  well  heard  at  G, 
if  there  happens  to  be  a  Pier,  or  fomewhat 
projeding,  to  flop  and  refled  it  thence  at  once : 
But  if  there  be  no  fuch' thing,  nor  any  Ear  to 
receive  it  applied,  it  will  probably  proceed  quite 
round  the  Dome,  and  come  again  to  the 
Speaker  himfelf,  tho’  much  diminiflaed,  at  A, 
on  account  of  the  more  frequent  Reflexions 
it  muft  have  fuffered  in  pafiing  over  twice  the 
Space.  Nor  is  this  the  only  Caufe  of  this 
Phenomenon  j  for  the  Air  thus  agitated  by 
the  Voice,  and  paffing  round  the  Zone  as 
before-mentioned,  is  very  much  augmented  by 
fomething  of  a  like  Courfe  it  alfo  takes,  from 
the  Lips  of  the  Speaker,  quite  crofs  the  upper 
Part  of  the  Dome ;  which  being  elliptical,  is 
from  its  Form  and  Strudure,  of  good  Advan¬ 
tage  to  the  eafy  Reflexion  of  the  bounding 
Voice,  in  its  Paflfage  from  one  Side  of  the  Fi¬ 
gure  to  the  other  3  the  Rays  of  which  there 
concentring  as  it  were,  and  meeting,  make 
their  general  Efflort  diametrically  on  the  oppo- 
fite  Side. 


/- 
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An  Ear  placed  at  the  Vertex  or  Top  of  a 
Dome,  or  indeed  any  other  vaulted  or  arched 
Place,  would  find  any  Sound  made  within 
reach  very  much  magnified,  on  account  of  the 
many  Reflexions  made  from  Side  to  Side  thro’ 
every  Part  of  the  Hemifphere :  But  it  will  be 
alfo  confufed  and  very  ihdiftinct,  not  being 
placed  in  or  near  the  focal  Point  of  the  Figure  : 
And  hence  proceeds  the  Bomib  that  generally 
attends  Voices  uttered,  and  Noifes  made,  in 
cavernous  and  vaulted  Places. 

r 

In  Auditories,  fuch  as  Churches,  Theatres, 
Courts  of  Judicature,  &c.  where  the  Hearing 
diftindtly  and  well  may  be  of  Ufe,  the  Form 
of  the  Building  fhould  be  a  little  confidered. 
We  know,  that  if  a  lighted  Candle  be  placed 
in  one  of  the  Foci,  or  the  Centres,  from 
whence  an  Ellipfe  is  defcribed,  as  at  A,  Fig. 
16.  Plate  ().  the  Rays  of  Light,  fuppofingthe 
Hoop  to  be  made  of  bright  Tin-plate,  or  other 
poliflied  Matter,  will  be  generally  refledled  in¬ 
to  the  other  of  them,  as  to  B,  which  will 
then  be  the  Point  moft  enlightened.  And  there 
being  a  great  Similarity  between  the  Progref- 
:fion  of  Light,  and  that  of  Sounds,  as  was  be¬ 
fore  hinted,  it  will  thence  follow,  that  whatever 
Sounds,  proceeding  from  one  of  thefe  Points, 
fliall  be  caught  by  the  Walls  of  an  Edifice  of 
this  Figure,  v/ill  be  reflefted  thence,  with  great 
Advantage,  toward  and  indeed  into  the  other, 
following  the  Diredlion  of  the  Lines  AC,  CB 
AD,  DB  -,  AE,  EB  ■,  A  F,  FB-,  and  wVe 
verfa.  If  one '  of  thefe  central  Points  be  ap¬ 
pointed 
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pointed  for  the  Evidence,  and  the  Criminal, 
the  Judge,  and  Jury,  might  be  very  well  pofted 
in  the  other,  as  it  is  the  moft  commodious  Point 
for  Hearing  that  can  be  contrived. 

And  in  general  it  may  be  obferved,  that  all 
the  Auditors  will  by  the  Reflexion  of  the  V oice 
from  fome  one  or  more  Parts  of  a  Room  that 
has  its  Area  of  the  above-mentioned  Form, 
hear  the  Speaker  much  better  in  every  Part, 
than  in  one  that  happens  to  be  incumbered, 
or  of  a  lefs  advantageous  Figure  for  the  Pur- 
pofe.  The  good  Efieft  of  fuch  a  Difpofition 
is,  by  Experience,  well  ■  known  to  the  Inha¬ 
bitants  of  St.  Anne'S,,  Wejimlnjler  ;  for  the 
Reader  is  certainly  much  better  heard,  in  all 
the  remoter  Parts  of  the  Church,  from  the 
Communion-table,  placed  in  an  Alcove  of  that 
Figure,  than  from  the  Reading-defk,  tho’  it  be 
a  great  deal  nearer.  The  Theater  in  Oxford, 
wherein  this  Matter  was  very  rightly  confidered 
by  its  great  Architedl  Sir  Christopher 
Wren,  is,  regarding  its  Dimenfions,  an  ex¬ 
cellent  Room  for  Hearing. 


On  the  E  c  H  o. 

The  Antients,  being  wholly  unacquaint¬ 
ed  with  the  Caufe  of  the  Echo,  aferibed 
it  to  feveral  Caufes  fufliciently  whimfical.  The 
Poets,  who  were  not  the  word;  of  their  Philo- 
fophers,  imagined  it  to  be  a  Perfon  of  that 
Name  metamorphofed,  and  that  fhe  aficeded 

to 
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to  take  up  her  Abode  in  particular  Places  j  for 
they  found  by  Experience,  that  Ihe  was  not  to 
be  met  with  in  all. 

W E  are  very  well  fatisfied,  that  the  Echo  is 
produced  by  the  Reverberation  or  Reflexion  of 
Sound  from  certain  fixed  Objedls  to  the  Ear, 
placed  in  a  proper  Situation  to  receive  the  Impret- 
lions  returned  thither  by  the  Recoil  of  the  Air. 
From  this  Caufe  the  Sound  is  always  weaker  in 
the  Return,  than  in  its  diredl  Progrefs  forward. 

There  are  feveral  Places  fit  for  the  Echo; 
Experience  eafily  points  them  out  to  us.  For 
Infiance ;  F  is  an  old  Building,  having  a 
blank  Wall.  C  is  the  Stand  of  the  Speaker, 
about  two  hundred  Paces  difiant.  The  Ground 
from  C  to  F  lies  on  a  Declivity.  Here  placing 
yourfelf  diredtly  fronting  the  Wall,  and  pro¬ 
nouncing  any  Number  of  Letters  currently  and 
clearly,  the  lafi  eight  of  them  will  be  perhaps 
difiindtly  repeated,  and  with  the  felf-fame  In¬ 
tervals  wherewith  they  were  uttered.  If  you 
pronounce  the  fame  at  D,  you  hear  perhaps 
only  the  three  or  four  lafi  ;  and  if  at  E,  you 
oerceive  no  Repetition  at  all.  The  Reafon  is, 
becaufe  at  E  the  Stroke  arifing  from  the  Vi¬ 
bration  of  the  Air  is  refledted  to  the  Ear  the 
very  Moment  it  is  made  ;  whereas  at  a  proper 
Diftance,  the  Sound  reverberated  from  F,  at  fit¬ 
ting  Intervals  returns  firfi  one  Syllable,  and  then 
another,  till  eight,  and  often  more,  according 
to  the  Situation  and  Difiance  of  the  Place,  as 
wasfaidj  are  difiin<fiiy  and  fucceffively  heard. 

The 
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The  Diftance  of  the  Objed:  returnlno;  the 
Echo,  may  be  pretty  well  known  by  the  Num¬ 
ber  of  Syllables  which  it  repeats.  No  one  Syl¬ 
lable  or  fingle  Note  will  be  returned  clearly 
under  the  Diftance  of  twenty  four  Paces  or  an 
hundred  and  twenty  Feet,  and  fo  on  in  adired 
Proportion :  The  Echo  then  returning  eight 
Syllables,  muft  come  from  an  Objed  diftant  at 
leaft  an  hundred  and  ninety  two  of  the  former, 
and  nine  hundred  and  fixty  of  the  latter. 

Dr.  Plot,  in  his  Natural  Hijlory  of  Ox~ 
fordfire,  informs  us  of  -  an  Echo  in  W oodftock 
Park^  which  in  the  Day,  when  little  Wind 
was  ftirring,  returned  in  his  Time  feventeen 
diftind  Syllables,  and  in  the  Night,  twenty. 
The  probable  Reafon  why  it  repeated  more 
Syllables  by  Night,  than  it  did  by  Day,  is, 
becaufe  the  Air  being  then  colder,  was  confe- 
quently  denfer,  whence  the  Return  of  the  Vi¬ 
brations  became  flower,  which  gave  Time  for 
the  audible  Repetition  of  more  Syllables. 

T  HE  Caufe  why  fome  Echo’s  return  more, 
and  fome  fewer  Syllables,  lies,  without  all 
Doubt,  in  the  different  Diffances  of  the  Ob- 
jeds  returning  the  Voice  to  the  Ear.  In  a 
Wood  of  lofty  Trees,  the  barking  of  a  fingle 
Dog  may  be  fo  foon  and  fo  often  repeated, 
that  it  fliall  refemble  the  Opening  of  a  whole 
Pack  j  and  for  a ,  like  Reafon  the  F ret- wot  k 
pendent  from  the  Roof  of  Gothic  Choirs, 
at  Kings  College  Chapel  in  Cambridge^  for 
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InflancCj  and  many  other  Places,  procures  a 
confiderable  Lengthening  of  the  Sounds,  from 
their  frequent  Repetition  by  the  Means  before  - 
faid,  which  is  efteemed  an  Advantage  to 
the  Mulick.  Thefe  are  called  Tautological 
Echo’s  j  fome  of  which  will  return  a  Clap 
with  the  Hands,  or  a  Stamp  with  the  Foot, 
eight,  nine  or  ten  times  diftindly  j  the  Noife 
dying  as  it  were  away,  and  melting  by  De¬ 
grees,  becomes  conftantly  weaker  and  weaker. 
There  are  allb,  as  the  Lord  Verulam  ob- 
ferves.  Echo’s  upon  Echo’s,  which  he  calls 
Back-echo’s :  Thefe  may  promote  the  harmo¬ 
nious  Dying  away  of  the  Notes  in  the  fore- 
mentioned  Places,  but  are  otherwife  inconfi- 
derable. 

It  may  be  obferved,  that  all  Echo’s  have 
fome  one  Place,  whither  they  may  be  return¬ 
ed,  fo  as  to  be  heard  by  a  Man’s  felf  more 
flrongly  and  did:ind:ly  than  any  other  j  and 
that  is  always  that  lying  at  Right-angles 
with  the  returning  Objedl :  For  if  a  Man  ftands 
obliquely  to  it,  the  Voice  will  be  better  re¬ 
turned,  and  more  diftindlly  heard  by  another 
Perfon  at  fome  other  Place.  The  Angle  of- 
Incidence  is  always  equal  to  the  Angle  of 
Reflexion  j  the  TsTote  or  Sound  thrown  di- 
redlly  on  any  Objed:,  will  therefore  be  re¬ 
turned  nearly  in  the  fame  Line ;  Whereas  that 
which  is  thrown  thereon  obliquely,  will  be 
thence  refleded  in  the  fame  Manner,  and  will 
reach  another  Place,  with  greater  Advantage. 
For  Indance:  Let  the  Speaker  at  C,  diredly 

front 
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front  the  Building  at  F,  Fig.  17,  Plate  9.  he 
will  plainly  hear  his  own  Words,  by  reflex 
Sound.  Let  him  remove  to  G,  the  Echo  will 
be  mofl;  audible  at  H ;  and  if  the  Voice  be 
uttered  at  J,  the  Reflexion  will  befl:  be  made 
at  K, 

This  being  all  material,  that  occurs  at pre- 
fent,  on  the  Subjedt  of  the  Air,  and  its  Depen¬ 
dencies,  let  us  conclude  this  T reatife  with  fome 
Account  of  the  Tides. 

On  the  Tides. 

The  Tides  could  no  way  be  accounted 
for,  till  Sir  Isaac  Newton  difcovered 
the  Principle  and  Properties  of  univerfal  Gra¬ 
vitation  ;  that  is,  the  Force  whereby  not  only 
every  Particle  of  Matter  in  each  Planet  tends 
to  the  Centre  of  that  Planet,  but  alfo  that 
whereby  the  Planets  reciprocally  tend  to  one 
another,  and  the  whole  Chorus  of  them  in 
general  to  the  Sun,  being  by  far  the  greateft 
Body :  As  alfo  that  the  Force  of  the  Attrac¬ 
tion  exerted  by  thofe  Bodies  at  different  Di- 
Ranees,  is  reciprocally  as  the  Squares  of  thofe 
L  i  fiances. 

It  is  one  Confequence  of  thefe  Principles, 
that  the  Earth,  Sea,  and  the  celeflial  Bo¬ 
dies,  acquired  at  firft,  and  flill  preferve,  their 
fpherical  Figure :  And  tho’  the  Tenacity  and 
Firmnefs  of  the  folid  Parts  may  in  fome  Places 


352  Motion  of  Fluids, 

I'upport  the  Inequalities  of  the  Land  above 
the  ordinary  Level ;  yet  do  the  Fluids  preffing 
equally,  and  eafily  yielding,  foon  refunae  their 
Equilibrium,  v/henever  it  is  difturbed,  and  more 
exadlly  maintain  the  Figure  of  the  Globe, 

Another  Confequence  of  them  is,  that 
tho’  heavy  Bodies  on  the  Surface  do  gravitate 
and  tend  toward  the  refpedlive  Centres  of  the 
Sun,  Moon  and  Planets,  yet  is  the  Force  ex¬ 
erted  by  the  gravitating  Body,  in  its  Defcent 
towards  the  Centre,  in  all  Places  not  alike  j 
but  is  ftill  lefs  and  lefs,  as  the  Diftances  from 
that  Centre  increafes ;  That  is,  both  the  Weight 
of  Bodies  and  the  Force  of  their  Fall  is  leffened 
in  Parts  more  removed  from  the  Centre,  in  the 
Proportion  of  the  Squares  of  the  Diftance.  For 
Example :  A  hundred  Weight  on  the  Surface 
of  the  Earth  being  removed  one  Semidiameter 
from  the  Centre  more,  or  raifed  to  the  Height 
of  four  thoufand  Miles  above  the  Earth,  would 
weigh  but  a  Qj^rter  of  a  Hundred,  and  re¬ 
moved  ftill  four  thoufand  Miles  fardier,  no 
more  than  a  Quarter  of  that,  or  feven  Pounds; 
and  confequently,  the  Body  that  (hould  weigh 
three  thoufand  fix  hundred  Pounds  in  the 
•  Centre  of  the  Earth,  at  the  Diftance  of  the 
Moon  would  weigh  no  more  than  a  Pound, 
by  the  fame  Rule.  And  in  the  fame  Propor¬ 
tion  does  the  Velocities  of  the  Fall  of  Bodies 
decreafe.  For  as  on  the  Surface  of  the  Earth, 
all  things  not  impeded  by  the  Medium,  fall 
about  fixteen  Foot  in  a  Second  ;  at  one  Semi¬ 
diameter  above  it,  would  fall  but  four  Foot  in 
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the  fame  Time  j  at  four  Semidiameters  from, 
the  Centre,  no  more  than  one  Foot  in  a  Se¬ 
cond  j  and  at  the  Diftance  of  the  Moon,  ‘twill 
fall  no  farther  in  a  Minute  than  it  does  near 
the  Earth’s  Surface  in  one  Second  of  Time. 

From  thefe  PrincipleSj  not  only  the  Theory 
of  the  feveral  Appearances  in  the  Syllem  of 
the  Moon  and  -Planets  is  difcovered,  and  ac¬ 
counted  for,  but  alfo  the  general  Caufe  of  the 
Tides  may  thence  be  deduced,  and  fufSciently 
explained. 

The  Moon  revolves,  as  It  were,  round  the 
Earth,  to  which  it  is  a  Satellite  or  an  Atten» 
dant  Planet,  in  twenty  feven  Days,  feven  Hours, 
and  forty  three  Minutes,  at  the  Diftance  of  two 
hundred  and  forty  thoufand  Miles  from  its  Cen- 
tre,having  but  about  a  fortieth  Part  of  the  Matter 
contained  in  the  Earthr'  The  Earth,  at  the  Di- 
ftance  of  about  eighty  one  Millions  of  Miles,  re¬ 
volves  round  the  Sun  in  a  fyderial  Year,  viz.  in 
three  hundred  fixty  five  Days,  fix  Hours,  and 
about  three  Minutes  and  a  quarter.  His  Q^ntity 
of  Matter  is  one  hundred  fixty  nine  thoufand 
two  hundred  and  eighty  two  times  that  of  the 
Earth,  according  to  Sir  Isaac  Newton’s 
lafi:  Calculation. 

The  Earth  then  attracts  the  Moon  in  a 
fuperior  Degree,  and  confines  it  from  flying 
oflf  in  a  Tangent  Line  to  its  Orbit,  which  would 
happen,  were  it  not  for  this  Attraction.  The 
Moon,  in  its  turn,  re-attraCts  the  Earth  to 
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a  certain  Degree ;  the  folid  Parts  whereof  be¬ 
ing  rigid,  feem  not  to  be  afFecfled  by  it :  But 
the  Fluids  yielding  thereto,  rife,  fwell,  and 
thereby  feem  to  confefs  its  Power.  The  Sun,  in 
like  manner,  attracts  the  Eirth,  fo  as  to  pre- 
ferve  and  keep  it  in  its  annual  Orbit ;  in  fome 
fort  alfo  it  affeils  her  Fluids  j  but,  by  reafon 
of  his  very  great  Qiflance,  feemingly  in  a 
much  lefs  Degree  than  does  the  Attradfioii 
of  the  Moon. 

It  being  demonftrable  then,  that  the  Earth 
is  within  the  Sphere  of  the  Attrailions  of  both 
Sun  and  Moonj  it  follows,  that  the  Equality 
of  the  PrelTure  of  the  Gravity  of  Matter,  or 
its  general  Tendency  toward  the  Centre  of  the 
Earth,  will  be  thereby  occafionally  difturbed. 
Was  the  Earth  intirely  free  from  the  Adtions 
of  the  Sun  and  Moon,  the  Ocean,  being 
equally  attracted  on  all  Sides  by  the  Force  of 
Gravity,  would  continue  in  a  perfedl  Stagna¬ 
tion,  and  neither  ebb  or  flow :  But  as  the  Cafe 
is  otherwife,  it  mufl  needs  rife  higher  in  thofe 
Places,  where  the  Adtions  of  the  Sun  or  Moon 
fhall  occaflonally  diminifh  its  Gravity. 

The  Adlion  of  thefe  upon  the  whole Mafs 
of  the  folid  and  coherent  Earth,  is  the  fame 
as  if  all  its  Matter  were  accumulated  and 
contradfed,  and  the  whole  Weight  of  it  were 
brought  and  depolited  in  its  Centre.  For  the 
Parts  about  Z  are  juft  fo  much  niore  attradfed 
by  the  Moon  at  L,  Fig.  1 8.  Flate  9.  by  how 
much  the  Parts  about  N  are  attradfed  lefs  than 
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is  the  Centre  T,  and  vice  verfa.  And  fince 
one  compenfates  for  the  other,  it  follows,  that 
the  whole  Body  of  the  Earth  at  ZO  HN  is. 
equally  attrafted  by  the  Moon  at  L,  as  if  all  its 
Parts  were  reduced  into  and  fixed  in  the  Cen¬ 
tre  T.  We  may  therefore  Ipeak  of  the  folid 
Parts  of  the  Earth,  exclufiveof  the  Water  fur- 
rounding  it,  as  of  that  Point. 

This  premifed,  let  us  next  confider  the 
Globe  of  the  Earth  as  covered  with  a  deep 
Sea ;  It  will  then  follow,  that  by  the  yielding 
hereof,  the  Earth  will  put  on  the  Figure  of  a 
Spheriod,  whofe  longefl:  Diameter,  if  pro¬ 
duced,  would  pafs  thro’  the  Moon  :  That  is, 
wherever  the  Moon  is  vertical,  {he  will  not 
only  raife  Tides  immediately  under  her,  in  the 
Zenith  at  Z ;  but  alfo,  at  the  iame  time,  in 
the  Nadir,  or  the  oppofite  Point  of  the  Earth 
at  N.  She  raifes  the  Water  in  the  former, 
becaufe  the  Fluid  there  is  near  four  thoufand 
Miles  nearer  to  her  attractive  Power,  than  is 
the  Centre  of  the  Earth  at  T,  it  therefore  gra¬ 
vitates  lefs,  and  becomes  lighter,  than  that  in 
the  Parts  about  H  and  0,  lying  in  the  fame 
Line  with  ‘T,  and,  in  order  to  preferve  the  ge¬ 
neral  Equilibrium,  prelTes  of  courfe  toward'z, 
and  caufes  an  Accumulation,  or  a  Swell  of  the 
Fluid  there. 

Th  IS  then  is  the  Caufe  of  the  Tides  in  the 
Zenith.  But  to  account  for  thofe  in  the  Na¬ 
dir,  we  mufl  obferve.  That  as  the  Water  in  Z 
is  attracSted  more  by  the  Moon,  at-  L,  than  is 
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the  Earth  at  T";  fo  is  the  Earth  at  T”  there* 
by  more  attrafted  than  will  the  Water  at  N, 
lying  near  four  thoufand  Miles  ftill  farther 
diftant  from  fuch  her  attraftive  Power.  The 
Water  therefore  at  N  tending  lels  toward  the 
Moon  at  L,  than  the  Earth  at  f  will  be  lefs  at- 
tradted  by  the  Difference  of  Gravitation  toward 
the  Moon  feverally  in  T  and  N-,  which,  as  has 
been  faid,  is  according  to  the  Squares  of  their 
relpedtive  Diftances  reciprocally. 


This  rightly  underflood,  it  will  plainly  fol¬ 
low,  That  the  Ocean  mufl  on  thefe  Occafions 
neceffarily  put  on  a  fpheroidic  Figure,  whofe 
longefl  Diameter  will  be  where  the  Moon 
is  vertical,  and  fhortefl  where  fhe  appears  in 
the  Horizon :  And  that  the  Moon,  apparently 
Ihifiing  her  Pofition,  as  flie  feems  to  turn 
round  the  Earth  once  a  Day,  from  Eafl  to 
Well,  (produced  however  by  the  Rotation  of 
the  Earth,  from  Weft  to  Eaft,  upon  her  own 
Axis)  thereby  occafions  the  Floods  and  Ebbs, 
obfervable  every  twenty  four  Hours  four  fifths, 
which  happens  to  make  the  mean  Length  of  a 
lunar  Day. 


It  may  not  be  amifs  to  endeavour  to  ex¬ 
plain  this  Difference  of  the  Moon’s  Attradlion 
between  the  Parts  in  the  Zenith,  Centre,  and 
Nadir  of  the  Earth,  by  a  familiar  Example, 
Let  us  fuppofe,  a  fbur-oar’d  Boat  a-head,  a 
Wherry  with  a  pair  of  Oars  in  the  middle,  and 
a  third  Veffel  with  a  pair  of  Sculls  behind,  all 
of  the  fame  Bulk  and  Weight,  and  floating  at 
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equal  Diftances  from  each  other,  down  the 
Stream,  without  Rowing :  Being  all  impelled 
with  the  fame  Force,  or  carried  by  the  fame 
Stream,  they  will  all  move  equally,  and  keep, 
in  general,  the  fame  Diftances  they  had  when 
firft  they  fet  forward.  In  this  Circumltance 
they  will  reprefent  the  three  forementioned 
Parts  of  the  Earth  moving  regularly  in  the  Ex- 
panfe,  and  barely  proceeding  in  its  Orbit  rouiid 
the  Sun.  Let  then  the  Rowers,  according  to 
their  feveral  Power  and  Force,  begin  at  once 
to  work,  the  four-oar’d  Boat  will  foon  gain 
Ground  upon  the  other  tv/o,  and  the  two-oar’d 
Boat  will  leave  the  Sculls  behind,  in  Propor¬ 
tion  to  the  feveral  Forces  wherewith  they  fhall 
be  wrought.  The  advancing  of  the  foremoll 
Boat  wall  eafily  denote  the  ready  Riling  of  the 
Water  toward  the  Moon,  v/hen  in  the  Meri¬ 
dian  ;  the  coming  forward  of  the  central 
Parts  of  the  Earth  will  be  fignified  by  the  get¬ 
ting  on  of  the  middle  Boat ;  and  the  Swel¬ 
ling  of  the  Water  in  the  oppofite  Point,  will 
be  reprefented  by  the  lying  behind  of  the 
Sculler. 

Or  again;  Suppofe  a  String  faftned  to  a  con¬ 
cave  Sphere,  fay  of  Wire,  which  has  a  Bullet 
in  it  loofe ;  as  foon  as  the  Sphere  fhall  be 
whirl’d  about,  at  the  End  of  the  String,  the 
Bullet  will  recede  from  it  as  far  as  may  be ;  and 
it  will  be  found  always  diametrically  oppofite  to 
the  String,  and  endeavouring  to  dy  off,  will, 
by  its  centrifugal  Force,  draw  the  Sphere,  not 
^  A  a  3  being 
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Or  once  more  j  Suppofe  the  String  faftned ' 
to  the  Bullet  within  the  Sphere,  now  left  at  Li¬ 
berty,  and  being  together  whirl’d  about  as  be¬ 
fore,  the  Bullet  will  remain  in  the  Place  where 
it  is  confined  by  the  String ;  but  the  Sphere,  not 
being  perfedly  rigid,  will,  from  its  own  Weight, 
be  drawn  out,  as  before,  into  a  Spheroid. 

T  o  apply  this ;  Imagine  the  great  Ocean, 
which  we  before  fuppofed  to  cover  the  Earth, 
to  be  analogous  to  the  Sphere  j  the  Earth  to 
the  Bullet,  and  the  Gravity  between  the  Moon, 
Earth  and  Water,  to  the  String,  whereby  they 
are  retained  in  their  Orbit,  and  the  Gravity  or 
Attradlion  between  the  Earth  and  Water,  to 
the  Rigidity  of  the  Sphere :  Suppofe  then  the 
Water  to  gravitate  towards  the  Moon,  and  the 
Earth  not  5  of  confequence  the  whole  Mafs  of 
Waters  will  get  into  the  Zenith,  and  the  Earth 
will  feem  rather  to  endeavour  to  recede  from 
the  Water,  as  the  Bullet  inclines  to  do.  But 
the  natural  Attraftion  between  the  Water  and 
Earth  anfwering,  as  was  faid,  to  the  Rigidity  of 
the  Sphere,  will  not  fulfer  it  wholly  to  fly  off, 
whence  the  Earth  will  remain  in  the  Point  the 
mofl:  dillant  from  the  Moon,  that  is,  in  the  Na¬ 
dir  :  And  this  is  fitly  reprefented  by  the  String's 
being  faflined  to  the  Sphere. 

Again  ;  Suppofe  the  Earth  to  gravitate  to¬ 
ward  the  Moon,  and  the  Waters  not,  the  Earth 

will 
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■will  then  be  in  the  Zenith,  and  the  Waters  will 
take  their  place  in  the  Nadir;  which  again  would 
quit  the  Earth,  but  for  the  Attradlion  between 
the  Earth  and  Waters :  And  this  is  correlpon- 
dent  to  the  whirled  Bullet’s  being  faftned  to 
the  String,  leaving  the  Sphere  at  Liberty. 

Lastly  ;  Suppofe  both  the  Earth  and  Wa¬ 
ter  to  gravitate  towards  the  Moon,  as  they  re¬ 
ally  do,  ’twill  follow,  that  the  Parts  of  the 
Water  nearer  the  Moon  than^the- Earth,  will 
be  more  attracted  thereby^  and  rife  into  the 
Zenith :  Whereas  thofe  Parts  of  Water  which 
are  farther  from  the  Moon  than  the  Earth,  will 
be  lefs  attradted  on  the  whole,  and  fo  flow 
into  the  Nadir.  By  which  means  Tides  will 
be  raifed  both  in  the  Zenith  and  the  Nadir,  at 
the  fame  Time :  And  this  may  fuffice  to  give 
an  Idea  of  the  general  Caufe  of  the  Tides.  Let 
us  now  conflder  their  Phzenomena  in  particu¬ 
lar  Places. 

I.  The  Tides  flow  according  to  the  lunar 
and  not  the  folar  Day,  tho’  the  Adlion  of  the 
Sun  on  the  whole  Body  of  the  Earth,  be  to  that 
of  the  Moon  as  three  hundred  to  one  hundred 
fixty  nine ;  the  Qiwntity  of  his  Matter  before- 
mention’d,more  than  compenfating  for  the  Great- 
nefs  of  his  Diftance.  In  confidering  this  Matter, 
however,  we  are  to  diftinguifh  between  the  ab- 
folute  and  relative  Attradlion  of  thefe  two  Lu¬ 
minaries.  Abfolute  Attradion  is  that  which 
ads  upon  all  Parts  of  the  Body  with  a  Force 
nearly  equal ;  but  relative  Attradion  is  that 
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which  is  exerted  upon  fome  Parts  of  a  Body 
more  intenfely  than  others.  Hence  ’twill  appear, 
that  the  Tides  muft  be  the  Confequence  of  a 
relative  or  partial  Attraftion  j  and  the  relative 
Attraftion  of  the  Moon  being  greater  than  that 
of  the  Sun  in  particular  Places,  thence  it  is 
that  the  Tides  will  generally  follow  the  Moon, 
and  not  the  Sun,  as  by  Experience  we  fee  they 
do.  Now  the  relative  Attraction  of  the  Moon  ‘ 
exceeds  that  of  the  Sun,  becaufe  a  Semidia¬ 
meter  of  the  Earth  bears  a  very  fenlible  Pro¬ 
portion  to  the  Diftance  of  the  Moon,  it  be¬ 
ing  about  one  fixtieth  Part  thereof ;  but  a  much 
lefs  to  that  of  the  Sun,  of  which  it  is  fcarce 
the  twenty  thoufand  two  hundred  and  fiftieth 
Part, 

4 

2.  The  Tides  happening  about  fifty  Mi¬ 
nutes  later  each  Day,  is  the  Confequence  of 
their  following  the  lunar  Day.  Thus,  if  ’tis 
High-water  to  Day  at  twelve  o’Clock,  it  will 
be  High-water  to-morrow  at  twelve  Hours  fifty 
Minutes,  that  is,  twenty  four  Hours  fifty  Mi¬ 
nutes  after  Twelve  to-day.  The  lunar  Day  is 
fo  much  longer  than  the  folar  ;  becaufe  while 
the  Earth  turns  from  Weft  to  Eaft,  toward  and 
from  the  Sun,  in  twenty-four  Hours  (at  the 
fame  time  getting  forward,  at  a  certain  Rate, 
in  her  own  Orbit)  the  Moon  alfo  proceeds 
from  Weft  to  Eaft,  one  twenty-feventh  Part 
of  her  Orbit,  in  fome  meafure  keeping  Pace, 
tho’  not  an  equal  Pace,  with  the  Earth. 

t 

3.  The  Tides  being  greateft,  caterh  fari- 

hin^ 


Natural  and  Artificial.  361 

hm,  when  thefe  Luminaries  are  in  Perigao,  or 
at  the  leaft  Diftances  from  the  Earth ,/is  con- 
fonant  to  the  Laws  of  Gravitation,  which,  as 
has  been  faid,  are  more  or  lefs  powerfully  ex¬ 
erted,  viz.  in  Proportion  to  the  Squares  of  the 
Diftances  of  the  Bodies  under  Confideration 
reciprocally. 

4.  The  Tides  are,  cceteris  paribus,  greateft 
when  the  Sun  and  Moon  are  either  in  Con- 
juntftion  at  the  New  Moon,  or  in  Oppofition 
at  the  Full.  In  the  firft  Cafe,  the  Moon  is 
one  Semidiameter  of  her  Orbit  nearer  the  Sun 
than  is  the  Earth ;  in  the  fecond,  fhe  is  a  Se¬ 
midiameter  of  her  Orbit  more  diftant  than  the 
Earth  from  the  Sun.  In  either  of  thefe  Cafes, 
the  Adlions  of  both  Luminaries  will  concur  to 
raife  the  Tides.  In  Conjuncftion  they  both  con- 
fpire  to  elevate  the  Waters  in  the  Zenith,  and 
by  confequence,  at  the  fame  time,  in  the  Na¬ 
dir  :  In  Oppofition,  while  one  makes  High- 
water  in  the  Zenith  and  Nadir,  the  other  en¬ 
deavours  to  do  the  fame  in  the  Nadir  and 
Zenith,  as  already  explained :  And  this  is  the 
natural  Caufe  of  the  Spring-tides  produced  at 
thofe  Times.  In  the  (^ad^rature  or  Q^rters, 
the  Actions  of  the  Sun  and  Moon  interfere, 
and  in  part  obftrudl  each  other  j  viz.  the  Wa¬ 
ter  raifed  by  the  Sun  is  deprefled  by  the  Moon, 
and  the  contrary :  Hence  it  is,  that  the  Tides 
are  lefs  at  thofe  Times,  and  are  diftinguifhed 
by  the  Denomination  of  Neap-tides. 

5.  In  Places  not  under  ,,the  Equator,  the 
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Tides  are  not  equal,  but  are  alternately  greater 
and  lefs.  The  Reafon  of  which  will  be  bet¬ 
ter  underftood  by  regarding  Fig.  19.  Plate  9. 
Let  AP  E  P  be  the  Body  of  the  Earth  co¬ 
vered  with  deep  Water,  C  the  Centre,  P  P 
the  Poles,  E  A  the  Equator,  Ff,  D  d.  Paral¬ 
lels  of  Latitude,  Hh  the  Axis  of  the  watery 
Spheroid,  L  the  Moon’s  Place,  K  k  the  Circle 
wherein  the  Moon  appears  horizontal ;  the 
Lines  B  F,  B  D,  BJ]  B  d,  lhall  denote  the 
Height  of  the  Sea  at  the  Places  Ff,  Dd,  in 
each  of  which  it  is  High  -water,  but  higheft  at 
F,  becaufe  the  Moon  is  neared  its  Zenith ;  and 
fo  at  D,  becaufe  that  is  the  Antipodes  of  i% 
or  the  Point  diametrically  oppofite,  confidering 
the  daily  Rotation  of  the  Earth  is  upon  the 
Axis  P  P  •,  by  which  Means  too  the  Point 
F  will  in  twelve  Hours  Time  be  transferred 
to  and  the  Point  D  to  d-,  now  whereas  the 
Lines  Bf,  Bd,  are  evidently  ihorter  than  the 
Lines  B  F,  B  D  (that  is,  the  Water  is  lower 
in  thofe  Places)  it  follows,  that  the  Points  F  and 
d,  muft,  in  the  Space  of  twelve  Hours,  pafs  thro’ 
low  and  high  Water  alternately,  whilft  the 
equatorial  Parts  A  and  E  pafs  thro’  Tides 
equally  elevated,  fmee  C  A  and  C  E  always 
continue  equal. 

6.  The  Tides,  cceteris  paribus.,  are  obferved 
to  be  greater  when  the  Luminaries  are  in  or 
near  the  Equator,  than  when  at  their  greateft 
Declination  from  it.  This  ariles  from  the  two 
oppofite  Protuberances,  which  at  that  Time 

are  in  the  Equator,  and  which  of  coiifequence 
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defcribe  there  the  greateft  Circle  of  the  Earth ; 
whence  by  the  diurnal  Rotation,  they  will 
move  fwifter,  defcribing  the  greateft  Circle  of 
the  Earth,  in  the  fame  Time  that  they  ufed 
to  defcribe  the  leffer  ones,  parallel  to  it  j  and 
confequently,  being  thrown  upon  the  Shores 
with  greater  Force,  they  rife  higher  there.  For 
it  is  plain,  that  if  the  Moon  were  fixed  in  the 
Pole,  that  the -watery  Spheroid  would  tend 
thither,  producing  always  high  Water  there, 
and  low  Water  every  where  under  the  Equinoc¬ 
tial  ;  and  therefore  the  nearer  the  Moon  ap¬ 
proaches  the  Poles,  the  lefs  is  the  circumvolu- 
tary  Agitation  of  the  Ocean  in  particular  La¬ 
titudes,  which  of  confequence  muft  be  the 
greateft  when  ftie  is  in  the  Equinodtial,  or  the 
fartheft  removed  from  the  Poles. 

7.  The  Time  of  high  Water  happens  not 
precifely  at  the  Time  of  the  Moon’s  Appulfe 
to  the  Meridian ;  but  about  three  Hours  after¬ 
wards,  or  when  ftie  is  toward  South-w^eft.  This 
is,  becaufe  the  Moon  adts  with  fome  F orce,  after 
fhe  is  paft  the  Meridian,  thereby  adding  to 
that  Libration,  which  flie  had  put  the  Waters 
into,  during  her  coming  to,  and  whilft  fhe 
was  in  the  Meridian :  Not  unlike  the  Time  of 
the  greateft  Heat  in  Summer  happening  about 
two  or  three  Hours  after  Noon;  or  juft  as  a 
fmaller  Force  apply’d  to  a  rifing  Ball,  will  raife 
it  ftill  cohfiderably  higher. 

8.  The  Tides  are  obferved  to  fucceed  each 
other  quicker  in  the  Tranfits  or  Faffing  of  the 

Lumi- 
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Luminaries  from  their  Conjundlion  and  Op- 
pofition,  commonly  called  their  Syzygies  to 
their  Quadratures,  than  from  the  Q^dratures 
to  the  Syzygies.  In  the  latter  Cafe,  the  Tides 
grow  continually  larger,  and  the  larger  they 
are,  the  longer  they  are  in  rifing  and  falling  j 
as  the  more  Length  a  Pendulum  has,  the 
longer  it  is  in  making  its  Vibrations :  and  of 
confequence  they  ought  to  fucceed  quicker  in 
the  Tranlit  from  the  Syzygies  to  the  Quadra¬ 
tures  }  becaufe,  by  a  Parity  of  Reafon,  they 
then  grow  lefs  and  lefs. 

9.  Th  E  Tides  often  fall  out  greater  in  Febru¬ 
ary  and  OStobery  than  at  other  Times.The  Rea¬ 
fon  of  this,  not  happening  precifely  at  the  two 
Equinoxes,  as  they  ought  to  do,  but  fome- 
thing  before  the  vernal,  and  after  the  autum¬ 
nal  Equinox,  is,  becaufe  the  Sun  (as  the  Pla¬ 
nets  move  round  him  in  elliptic  Orbits)  is  near- 
eft  the  Earth  in  the  Winter  Months  (for  the 
Earth’s  Motion  is  then  certainly  fwifteft,  as 
appears  by  the  Winter’s  being  always  eight 
Days  Ihorter  than  the  Summer)  coniequently 
the  Sun  comes  then  to  have  a  greater  Influence 
in  producing  the  Tides,  than  ufual,  and  caufes 
the  Alterations  fpoken  of.  But  it  does  not  hap¬ 
pen  every  Year  fo  ;  becaufe  fome  Variations 
may  arife  from  the  Declination  or  Situation  of 
the  Moon’s  Orbit  at  that  Time,  and  the  Dif- 
tance  of  the  Syzygies  from  the  l^quinox. 

10.  The  Morning  and  Evening  Tides  are 
remarked  to  be  often  different  in  Ileight.  This 
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IS  owing  to  the  Moon’s  being  nearer  or  more 
diftant  from  the  Zenith  or  the  Nadir.  While 
the  Sun  is  in  the  northern  Signs,  the  greater  of 
the  two  diurnal  Tides,  in  our  Climates,  is  that 
ariling  from  the  Moon’s  being  above  the  Ho¬ 
rizon  ;  when  i  the  Sun  is  in  the  fouthern  Signs, 
the  greater  is  that  ariling  from  the  Moon’s  be¬ 
ing  below  the  Horizon  j  that  is,  according  as 
their  Influences’  adt  together,  or  oppofe  each 
other. 

And  fuch  probably  would  the  Tides  regu¬ 
larly  be,  if  the  whole  Earth  were  covered  with 
Water,  very  deep :  But  by  reafon  of  the  Shoal- 
nefs  of  Ibme  Places,  and  the  Narrownefs  of 
the  Streights  in  others,  thro’  which  the  Tides 
are  to  pafs,  there  arifes  great  Diverlity  in  the 
Elfedls,  which  are  not  to  be  accounted  for 
without  a  perfedl  Knowledge  of  all  the  Cir- 
cumifances  of  the  Situation  of  the  Land,  the 
Breadth  and  Depth  of  the  Channels,  &c.  For 
a  flow  and  almofl:  imperceptible  Motion  of 
the  whole  Body  of  Water,  where,  for  Exam¬ 
ple,  it  is  two  Miles  deep,  might  fuffice  to  raife 
its  Surface  ten  or  twelve  Feet  in  a  Tide’s  time 
very  well ;  whereas,  was  the  fame  Quantity  of 
Water  to  be  conveyed  thro’  a  Channel  but 
forty  Fathom  deep,  it  would  run  like  a  Sluice 
to  eftedt  it,  as  it  does  in  the  narrow  Parts  of 
the  Britijh  Channel  on  feme  Occafions.  This 
alfo  may  be  one  Reafon  why  high  Water  in 
many  Places  happens  not  nearer  the  Time  of 
the  Moon’s  being  in  the  Meridian. 


It 
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I T  may  here  be  remarked,  that  the  Motions 
hitherto  mentioned  muft  be  fomewhat  altered 
by  the  Libration  of  the  Water,  which,  in  form¬ 
ing  the  Tides,  adts  fomething  like  the  Vibra¬ 
tions  of  a  Pendulum,  whereby  the  Flux  and 
Reflux  of  the  Sea  would  for  fome  time  con¬ 
tinue,  tho’  the  Luminaries  fliould  be  at  once 
annihilated,  and  their  Adions  intirely  ceafe : 
This  Confervation  of  the  imprefled  Motion  di- 
miniflies  the  Differences  that  would  otherwife 
be  between  two  confequent  Tides  ;  and  is  the 
Reafon  why  the  highefl:  Spring-tides  are  not 
precifely  on  die  new  and  full  Moons,  or  the 
Neap-tides  on  the  Quarters,  but  generally  about 
the  third  Tide  after  them,  and  fometimes  later. 

/ 

To  anfwer  all  the  Phaenomena  of  the  Flux 
and  Reflux  of  the  Water  in  particular  Places, 
would  be  endlefs  •,  but  all  things  duly  confider- 
ed,  they  are  fully  foluble  by  the  Dodrines  and 
Theory  before  laid  down.  As  the  moft  nota¬ 
ble  Inftance  of  this  kind,  let  us.  take  notice  of 
the  Tide  that  comes  into  the  Port  of  Tunquin 
in  China.  Here  it  ebbs  and  flows  but  once  in 
twenty  four  Hours  j  and  twice  in  every  Month, 
that  is.  When  the  Moon  is  near  the  Equinoc¬ 
tial,  there  is  no  Tide  at- all,  but  the  Water  is 
entirely  ftagnant :  With  the  Moon’s  Declina¬ 
tion,  however,  there  begins  a  Tide,  which  is 
always  greateft  when  file  is  in  thd\tropical 
Signs;  v/ith  this  Difference  only,  that  when 
die  is  northward  of  the  Equator,  it  flows 
when  die  is  above  the  Horizon,  and  ebbs  when 
we  is  below  it,  fo  as  to  make  high  Water  at 

Moon- 
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Moon- fetting,  and  low  Water  at  Moon-rifino- : 
Whereas,  on  the  contrary,  the  Moon’s  being^o 
the  fouthward  of  the  Line,  makes  it  high  Water 
at  her  Rifing,  and  low  Water  at  her  Setting; 
and  it  ebbs  all  the  time  fhe  is  above  the  Horizon. 

Th  e  Caufe  of  this  odd  Appearance  is  pro- 
pofed  by  Sir  Isaac  Newton,  in  his  Princt- 
fia,  as  arifing  from  the  Concurrence  of  two 
Tides ;  the  one  propagated  in  fix  Hours,  out 
of  the  great  South-Sea,  along  the  Coaft  of 
China ;  the  other  out  of  the  Indian  Sea,  from 
between  the  Iflands,  in  twelve  Hours,  along 
the  Coaft  of  Malacca  and  Camboya.  One  of 
thefe  Tides  being  produced  in  North  Latitude 

is,  as  has  been  faid,  greater  when  the  Moon, 
being  to  the  North  of  the  Equator,  is  above 
the  Earth,  and  lefs  when  fhe  is  beneath  it. 
The  other  of  them,  promoted  from  the  Indian 
Ocean,  being  raifed  in  South  Latitude,  is 
greater  when  the  Moon,  declining  to  the  South, 
is  above  the  Earth,  and  lefs  when  fhe  is  under 

it.  So  that  of  thefe  Tides,  alternately  greater 
and  lefs,  there  comes  always  fuccefllvely  two 
of  the  greater,  and  two  of  the  lefs  every  Day ; 
and  the  high  Water  falls  always  between  the 
Arrival  of  the  two  greater  Floods,  and  the  low 
Water  between  the  Arrival  of  the  two  lefier. 
The  Moon  coming  to  the  Equinoctial,  makes 
the  alternate  Floods  equal,  the  Tides  then 
eeafe,  and  the  Water  feems  to  ftagnate:  But 
fhe  being  pafTed  the  Equator,  thofe  Floods, 
which  in  the  former  Order  were  the  leafl,  now 
become  the  greatefl;  the  Times  of  high  and 

low 
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low  Water  are  then  inverted,  and  the  whole 
Appearance  of  thefe  ftrange  Tides  is  naturally 
and  with  Eafe  to  be  folved  from  the  Theory 
thus  laid  down. 

The  Seas  nearly  environed  with  Land,  fuch 
as  the  Mediterranean^  Red-Sea  and  Baltick, 
have  no  apparent  Tides  j  becaufe  the  Str eights 
whereby  they  communicate  with  the  Ocean, 
are  Inlets  fo  fmall,  and  the  Seas  themfelves  fuch 
large  Bodies  of  Water,  that  Water  fufficient 
cannot,  in  the  Compafs  of  a  few  Hours,  be 
received  into,  or  fent  out  of  them,  to  caufe 
their  Waters  to  rife  or  fink  confiderably  on  fo 
large  a  Surface. 

The  Cafpian  Sea  is  no  more  than  a  very 
large  Lake,  having  no  Communication  with 
the  Ocean  at  all.  This,  as  well  as  all  other 
Lakes,  is  too  fmall  to  be  fenfibly  affeded  by 
the  Attraction  of  the  Moon,  even  where  Ihe  is 
vertical :  For  (he  needs  muft  attraCt  all  Parts 
of  thefe  Waters  alike,  rendering  them  in  every 
Place  equally  light ;  fo  that  no  Part  of  them 
can  be  raifed  perceptibly  higher  than  another. 
Or,  in  other  Words,  they  are  generally  fo  fmall, 
as  not  to  be  capable  of  any  relative  Attraction 
from  the  Moon. 

It  may  here  be  remarked,  that  the  Swell  of 
the  fuperior  Air,  or  thofe  aerial  Tides  before 
hinted  at,  probably  occafioned  by  the  Moon’s 
Attraction  when  fhe  happens  to  be  vertical,  or 
even  near  the  Meridian  of  any  Place,  as  well 
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as  are  ccnllantly  thofe  of  the  Waters,  where  no 
evident  Caufe  of  Obftrudtion  appears,  is  not 
however  obferved  to  produce  any  perceivable 
Variations  on  the  Height  of  the  barometric 
Mercury :  Whereas  it  might  be  expedled,  that 
from  the  Acceilion  of  new  Matter  on  thofe 
Occafions,  the  Gravity  of  the  Air  might  by 
that  curious  Machine  appear  to  be  increafed  j 
which,  was  not  the  Air’s  Gravity,  thus  aug¬ 
mented  adequately  ftill,  and  in  a  juft  Proportion 
diminifhed  by  the  Power  of  the  Attradlion  be- 
foreiaid,  muft  unavoidably  happen. 

And  for  the  fame  R'eafon  neither  is  there 
ever  any  Variation  on  the  Weather-glafs  obferv’d, 
when  the  Moon  is  in  or  near  the  Horizon  of 
thofe  Places ;  Since  the  Gravity  in  one  Cafe  will 
reafonably  be  admitted  conftantly  to  counter¬ 
balance  the  Attradlion  Ij^oken  of  in  the  other. 


i 

THE 


Bb 


THE 

GLOSSARY; 

O  R,  A 

Short  E  XPLANATION  of  fuch  Uncom¬ 
mon  Words  as  could  not  without  AfFedta- 
tion  be  omitted  in  this  Treatife. 


A 


^Bdomen^  the  lower  Belly. 

Ahforb,  to  drink  in ;  to  fwallow. 

Acid,  four  j  Matter  fermenting  with  an  Alkali, 
Accelerated,  haftened,  or  hurried  forward. 

Acouflic,  fee  Auditory, 

Adequate,  equal  thereto. 

Adhefion,  the  kicking  of  Parts  together. 

JEther,  an  imaginary  Fluid,  fine  and  fubtle. 

Aliments,  Food  to  nourifh. 

Alkali,  fixed  Salt  of  Subftances  fermenting  with  Acids. 
Alternate,  firk  this,  then  that  ;  by  turns. 

Afuhient,  furrounding. 

Analogy,  Proportion,  Comparifon.  \ 

Analogous,  bearing,  lAc,  ^ 

Aorta,  the  great  Artery  leading  from  the  Heart. 

Apex,  the  Point  or  Summit  of  a  Cone  or  Pyramid. 

Apparatus, for  Operation  or  Experiment. 

Appendix,  Supplement  ;  fomething  added. 

Appulfe,  the  Arrival  of  a  Planet  at  a  certain  Point. 

Articulate,  to  joint. 

AJJimilate,  to  make  like. 

Atmofphere,  the  Fluid  Mafs  of  Air,  lA c.  furrounding  the  Earth, 
to  about  fixty  Miles  high. 

Attenuate,  to  thin,  or  make  a  thing  weaker. 

AttraSlion,  a  drawing  towards  i  producing  a  Tendency. 

Aura^  a  finer  kind  of  Air, 

Audi 
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Auditory^  belonging  to  Hearing. 

Auricular^  belonging  to,  or  received  by  the  Ear, 
Axis,  an  Axle  on  which  any  thing  turns, 

B 


Bronchia,  the  Branchings  of  the  Wind-pipe  continued  through; 
out  the  Lungs.  ® 


Gapillary,  fmall  as  an  Hair. 

C ceteris  paribus,  in  other  Circumftances  the  fame. 

Centrifugal,  a  Diredion  given  a  Body  different  from  that  in; 

dining  to  the  Centre. 

Centripetal,  tending  toward  the  Centre* 

Chafm,  a  Gap,  or  Opening. 

Chimera,  a  groundlefs  Fancv. 

Circulate,  to  come  round. 

Coalefce,  to  grow  together,  or  unite. 

Cohefan,  a  clinging,  or  flicking  together. 

Collateral,  lying  fide  by  hde, 

Collijion,  a  Striking,  or  Dalhing  againff. 

Compages,  a  Colledion. 

Comprefs,  to  fqueeze  clbfe  together. 

Conca^ve,  fpherically  hollow. 

Co7idenfe,  to  bring  the  Parts  of  Matter  defer  together^;  : 

Cone,  a  round  Pyramid,  or  Spire. 

ConneB,  to  knit  together,  or  join. 

Confifte7it,  fixed,  i.  e.  not  fluid. 

Confonant,  correfpondent  to. 

ContaB,  a  touching  each  other. 

Contiguous,  Parts  which  touch* 

Contort,  twiff  ;  wind  about. 

Contorted,  twilled  round. 

Convex,  protuberant ;  fwelling  fpherically  outwards* 

Ct)7i^ulfion,  an  involuntary  Motion  of  the  Mufdes ;  a  Twitching 
Corroborate,  to  ffrengthen  or  confirm. 

Corrugation,  a  Contradion  by  wrinkling  up, 

Cylhider,  a  folid  Body,  in  Form  of  a  Rollingdlone, 

Cylindric,  refembKng  this  in  Figure 


D 

Denfity,  Compadnefs  i  Clofenefs  of  Parts^ 

Deteffve,  ft  to  cleanfe  or  fcower. 

Viapha7ious,  tranfparent. 

Diaphragm,  the  Midriff,  dividing  the  Trunk  of  the  Body  int^ 
two  Cavities,  the  Thorax  and  the  Abdomen, 

Diafiole,  the  Dilatation  of  the  Heart. 

Digejiion,  the  Converfion  of  the  Aliments  into  Fluids, 

z 
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E 

UulUtlon,  a  Bubling,  like  boiling  Water. 

Efflux^  the  flowing  forth  of  a  Fluid. 

Elafiic,  having  a  Spring. 

Effer^efcence,  a  waxing  hot, 

Elaflkity,  endowed  with  the  Property  of  a  Spring. 

Ellipjis,  an  oval  Line  or  Surface. 

Elliptical,  oval,  or  like  an  Egg. 

Excretory  Dufts,  very  fmall  Canals  for  feparating  the  animal 
Juices. 

Expanfe,  Space  extended. 

Expiration,  breathing  forth. 

Extra<vafated,  being  out  of  the  proper  Veflels. 

F 

Fibre,  a  fmall  String. 

Fibril,  one  fmaller  ftill. 

Filament,  a  fmall  Thread. 

Flaccid,  lax,  loofe  or  flabby. 

Fluid,  eafily  flowing  or  feparable. 

Flux,  the  A£1  of  flowing 

Foffils,  things  folid,  dug  out  of  the  Earth. 

Fulcrum,  a  Prop  or  Point  of  Support. 

Fuliginous,  footy,  or  refembling  Soot. 

Frigorific,  chill,  or  caufing  Cold. 

G 

Gland,  a  Bundle  of  conne<fl:ed  Fibres  to  drain  the  Fluids,  and 
feparate  finer  Parts  from  them. 

Gravity,  Weight ;  the  Tendency  one  Body  has  to  another. 
Groove,  a  fmall  Channel  cut. 

Gyration,  a  whirling  round., 

II 

Hemifphere,  half  a  Globe. 

Hermetically  featd.  Tube  clofed  with  melted  Glafs. 

Hexangular,  fix  angled  or  flded. 

Horizon,  the  Limit  of  the  Sight  at  Sea  or  on  a  Plane. 
Hypothetical,  fuppofitious. 

Hydroftaticks ,  Dodlrine  and  Laws  of  the  groffer  Fluids,  as  Wa- 
.  ter,  ffrV. 

Hydratilick,  for  the  Purpofe  of  raifing  Water. 


Igni- 
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I 


Ignition^  a  taking  Fire. 

Immerfe,  to  dip,  or  plunge  into. 

Impinge^  to  ftrike  upon,  or  againft. 

IncompreJJible,  not' to  be  reduced  into  lefs  Compafs. 
Incidence^  a  falling,  or  lighting  on. 

Incumbent y  lying  upon. 

Indefiiite,  undetermined,  unlimited. 

Ingenitey  inborn,  or  produced  with. 

Infertimt,  a  grafting  in,  or  joining. 

In/piration,  the  drawing  in  the  Breath. 

Infpijfatey  to  thicken  or  render  vifcid. 

Interjiicey  Interval,  or  intermediate  Space. 

Imverfe,  when  the  Antecedents  are  turned  into  Confequents. 


L 


laBealsy  fmall  Dudls  in  Animals,  conveying  a  milky  kind  of 
Liquor. 

Lamhcnty  licking ;  unileady. 

Lateraly  fidewife. 

Ldbrationy  a  balancing  Motion, 

Lobe,  the  Divifion  of  the  Lungs  and  Liver, 

L ongitudinaly  length- wife. 

M 


Meatus  ajiditoriusy  the  PafTage  into  the  Ear. 

Membrana  Tympani,  the  Membrane  covering  the  Drum  of  the  Ear. 

Microfcope,  Glaffes  for  examining  minute  Bodies. 

Muiiaturey  contrafted  ;  drav/n  in  little. 

MonfoGUy  a  Change,  or  Variation,  in  the  Diredion  of  the  Trade- 
winds  fettled  between  the  Tropicks, 

Morbid,  fickiy  difeafed. 

Mucus,  finny  Matter. 

N 

Nadir,  the  Point  juk  beneath  us,  on  the  oppohte  Part  of  the 
Globe. 

Ner^’e,  a  Bundle  of  Fibres,  arifing  from  the  Brain,  whither  it 
conveys  Perception  from  every  Part  of  the  Body,  and  vo¬ 
luntary  Motion  back, to  particular  Parts. 

Nutrition,  the  Nourifhment  of  an  Animal. 
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o 

Origin,  Source^  Rife  or  Beginning. 


P 

Percolated,  ftrainM  thro’  an  incompadl  Body, 

PercuJJion,  flriking,  or  the  EffeQs  of  a  Stroke, 

Perennial,  conftant ;  the  Year  about^ 

Perforate  to  bore  through,  or  pierce. 

Pericardium,  the  Heart-bag. 

Phenomenon,  an  Appearance  in  Natufe, 

Pift  on,  a  moveable  Plug  juft  fitting  a  Pipe. 

Pleura,  the  Membrane  lining  the  Cheft. 

Pneumattcks,  the  Dodrine  and  Laws  of  the  fubtile  Fluid  the 
Air. 

Polygon,  a  Figure  containing  more  Angles  than  four. 

Pores,  fmall  PalTages  in  the  Scarf-skin  for  the  Sweat, 
Preponderate,  to  defcend,  being  heavier. 

Projedile,  a  Body  in  a  Motion,  call:  or  thrown. 

Protrude,  thruft  away. 

Protuberance,  a  f>velling  out, 

^adratures,  the  quartering  Points  of  an  Orbit. 


R 

Rarefy,  to  thin,  to  lower,  or  weaken  dcnfe  Mat(;er. 

Reflexion,  a  bending  back,  or  returning  a  Body. 

Reflux,  the  Return,  or  flowing  back  of  a  Fluid. 

Reciprocal,  mutual,  or  relative. 

Refrad,  to  bend  or  break. 

Relaxed,  lefs  extended^  loofened. 

Refer^oir,  a  Ciftern  or  Head  for  a  Referve  of  Water, 
Reverberate,  to  beat  back,  or  refledl. 

Rotation,  a  turning  about  \  like  a  Wheel  on  an  Axle. 

S 

Salubrity,  Wholefomenefs. 

Sanguification,  the  making  Blood  by  Digeftion, 

Secern,  Secrete,  to  feparate. 

Senforiu?n,  the  Seat  of  Perception  in  the  Brain. 

Serofity,  Serum,  the  wheyifh  Part  of  the  Blood, 

Species,  Sort  or  Kind. 

Specifick,  peculiar,  or  appropriate, 

Spicula,  little  Spikes. 

Spiral,  like  a  Rope  coiPd  round  a 
SpiJfUude,  Thicknefs,  ^^Ifcidity, 

Sternunuj^ 
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Sternum^  the  Breaft-bone, 

Stimulate,  to  provoke  or  incite. 

Subterraneous,  within  the  Earth. 

Suftion,  the  Faculty  of  Sucking. 

Syphon,  a  bent  Tube  or  Crane. 

Syjlem,  Compolition,  general  Stru6lure. 

Syflole,  the  Contradion  of  the  Heart. 

Sy%ygks,  the  Oppofition  and  Conjundion  of  a  Planet  with  re= 
fped  to  the  Sun  and  Earth. 

T 

tangent,  a\lreight  Line,  drawn  from  the  Circumference  of  a 
Circle,  touching  it  but  in  one  Point. 

Teguments,  Coverings,  as  in  the  Body,  Skin  and  Fat. 

Tenacity,  the  clinging  of  the  Parts  of  Fluids  together. 

Tendon,  the  Extremity  of  a  Mufcle. 

Thorax,  the  Cheft  or  Break. 

Tranjit,  a  pafTing  of  a  Planet  crofs  another  in  Courfe. 

Tranfverfe,  crois-wife. 

Topicks,  imaginary  parallel  Lines  to  the  Equator,  at  the  Dif- 
tance  of  23®  29'  from  it,  being  the  Limits  of  the  De¬ 
clination  of  the  Sun  towards  the  North  or  South. 

Tube,  a  Pipe. 

Turbid,  troubled,  muddy,  foul. 

Turgid,  fwell’d.  \ 

Tympanum,  the  Drum  of  the  Ear. 

U 

Vague,  uncertain,  wandering. 

VaTues,  membranous  Subltances,  ading  like  Trap-doors  to  pre¬ 
vent  the  Return  of  the  Fluids. 

Vapid,  dead,  taflelefs. 

Vena  cava,  the  large  V ein  conveying  the  Blood  back  to  the  Heart 
Ventricle,  a  fmall  Cavity. 

Vertebra,  the  Chain  of  Bones,  twenty  four  in  Number,  reach¬ 
ing  down  the  Back  from  the  Plead. 

Vertex,  the  Top  of  any  thing. 

Vibrate,  to  fwing  as  a  Pendulum  ;  to  come  and  go  as  a  Spring. 
Vifcid,  Vifcous,  clammy,  cohefive,  as  Bird-lime. 

Undulating,  a  wavy  Motion. 

Volatile,  fub/d  to  evaporate  or  fly  away. 

Z 

2.enith,  the  Point  abov^  us  in  the  Heavens or  with  refpedl  to 
the  Centre  of  a  Sphere,  any  Point  on  the  Surface  . 

7.one,  a  Portion  of  a  Sphere  furrounding  it  like  a  Girdle, 
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INDEX; 

Pointing  out  in  what  Page  of  this  Treatife  the 
following  Particulars  may  be  found. 


A 


Cceleration  of  falling  Bodies,  by  Gravity  in  general 

rage  90 

- - — ’  of  a  defending  Fluid  promoted  by  the 

Length  of  the  perpendicular  Pipe  88 

Acids  ferment  with  Alkalies  268 

— —  the  manner  in  which  they  aiFe<5l  the  Tongue  247 
Aflion  of  Gravity  on  falling  Bodies  defcribed  90—93 

Adjutages,  Marriotes  Proportion  of  the  Size  of  their  Bores  1 1 2 

- - - —  the  Manner  of  boring  them  1 1 4 

JEtna,  the  Caufe  of  its  Conflagration,  with  other  Volcano’s  276 
Air,  what  14^ 

~ — its  Properties,  Mobility,  Weight,  Spring  ihid, 

» — -  gravitates  even  in  Air  1 2 

- - -  its  Gravity  difco vered  by  Galilieo  1 47 

the  Quantity  of  its  Preffure  afertained  by  Toricellius  148 

104,  109,  146 


•refills  Bodies  moving  therein 


212 — 220 


its  Elallicity  demonllrated 

its  Elallicity  in  Proportion  to  its  Denfity  2 1 4 

its  Elallicity  equal  to  its  PrelTure  2 1 6 

is  comprelTed  near  the  Surface  of  the  Earth  158,  214,  215 
is  condenfed  by  Winds  261 

its  Particles  bear  againll  each  other  213 

its  PrelTure  on  Fluids  demonllrated  by  their  Rife  47 

its  PrelTure  and  Elallicity  equal  2 1 6 

of  the  common  Degree  of  Denfity  will  dilate  in  Air  atte¬ 
nuated,  and  by  its  Spring  play  a  Jet  of  Water  47,215 
being  condenfed,  will  have  the  fame  ElTe£l  in  Air  of  the 
'  common  Denfity  2 1 5 

condenfed,  aggravates ;  attenuated,  diminilhes  Sounds  321 
a  fmall  Quantity  of  it  will  dilate  very  much  213,  215 
—  other  Efteds  of  its  PrelTure  defcribed  47,170,173,184,189 
-•Qbjedlions  to  its  PrelTure  anfwered  '  j68 

Air, 


index. 

Air,  the  determinate  Quantity  of  its  PrefTure  proved  1 69,  1 70 
■ — —its  Spring  equal  to  the  Preffure  ^216 

■  - its  PrelTure  would  be  infufferable  by  us,  were  it  not  counter¬ 

balanced  by  Air  within  the  Body  j  ^  j 

- - the  Effeds  it  produces  on  animal  and  other  Bodies  1 84. 

- - its  PrelTure  at  different  Diftances  from  the  Earth  i  ro 

— — its  proportionable  Gravity  to  that  of  Water  3^,  173 
— -its  alternate  Contradion  and  Expanfion  under  different  De¬ 
grees  of  Preffure  21'- 

- - has  no  Tenacity 

- - cannot  have  its  Parts  brought  to  Contad  by  any  Force 

whatever  ^  146,  212 

—will  fullain  Quantities  of  Fluids  in  certain  Cafes  75 — 77 

- - -  contains  a  Quantity  of  Water  '  236 

- will  be  alfo  imbibed  by  Water  ibid. 

- - is  attenuated  by  the  Air-pump,  and  a  great  Part  of  it  there¬ 
by  exhaulled 

•  - is  generated  by  Nitre  in  Plenty  283 

- - by  Gunpowder  Fred  290 

- - vitiated  by  breathing  it  ’  177 

•  - its  Circulation  thro’  Rooms, when  warm,  how  promoted  242 

- - difturbed,  its  Effeds  on  Chimneys  "  '  243  —  246 

— — -within  Doors  of  the  fame  Force  with  that  without  23 S 
- - its  alternateContradion  and  Expanfion  Caufe  of  theWinds240 

its  Salubrity  and  Unwholefomenefs  whence  272 

- - is  included  in  Eggs  for  Produdion  of  the  Young  218 

is  contained  in  F'ruits  to  bring  them  to  Maturity  222 

in  the  Blood  and  Humours  of  the  Body  220 

is  copious  in  Liquors  that  have  undergone  any  Degree  of 
Fermentation  224 

exhaufled  from  them,  render  them  taflelefs  and  vapid  ibid. 
is  contained  in  Water  cold,  but  has  the  Spring  thereof 
greatly  heightened  by  Heat  22^ 

•  - is  no  Medium  for  the  Conveyance  of  Heat  or  Cold  ibid. 

■  - the  whole  Mafs  of  it  attends  the  Earth,  and  revolves  ilea- 

dily  with  it  145 

Air-pipe,  its  Ufe  in  the  quiet  decanting  of  Liquors  79 

Air-pump,  its  Strudure  and  Ufe  152—156 

—  by  v/hom  attempted  Fidl,  and  reduced  to  Pradice  152 
Air-veffel,  in  Fifh,  the  Ufe ’tis  of  to  them  217 

- - "—in  Hydraulick  Engines,  its  Ufe  and  Defcription  64,67 

Alkaline  Bodies  ferment  with  Acids  268 

„  T Manner  in  which  they  affed  the  Take  267 

V^ariety  of  Weather  on  them  3 1 1 


Jlps, 


exhibit  all  the  Seafons  in  the  Compafs  of  a  few  Miles  ibid. 
Altitude  of  Places  may  be  meafured  by  the  Time  a  heavy  Body 
is  defcending  93 


I  N  D  E  X. 

Animals  require  Supplies  of  ftefh  Air  for  their  Exihence  i 

• - the  EiFed:  the  Atmofphere’s  Alterations  has  on  them  1 85 

— - naturally  float  in  vVater  1 

Animal  Sudion  confidered  210 

Apoplexy  fatal,  whence  188 

Antigugler,  its  Ufe  in  the  quiet  decanting  of  Liquors  79 

Antimufick,  what  33^ 

Archimedes'^  Method  of  Ending  the  Speciflck  Gravity  of  Me- 

tals  129 

Ariftotle\  miflaken  Notion  of  the  Gravity  of  the  Elements  1 15 


Arteries  in  general,  ,their  Strudure  and  Ufe 
Artificial  Congelation 

- - -  Lightning 

Atniofphere,  what 

- - furrounds  and  attends  the  Globe  of  the  Earth 


201 

315 
275 

145 
ibid. 

- - the  Weight  or  Preflure  of  it  in  foul  and  fair  Wea¬ 
ther  148 

- - the  Effeds  of  its  Preflaire  and  Abatement  on  Animal 

and  other  Bodies  184 — 189 

— - its  Extent  or  Altitude,  not  certainly  to  be  difcovered  1 5  8 

• - - —the  Magazine  of  fubtle  Bodies  that  afcend  266 

—  - its  Weight  proved  at  different  Altitudes  from  the 

Earth  139 

Attradion  and  Repulfion  of  polar  Parts  in  Bodies  one  probable 

Caufe  of  Fermentation  268 

= — - abfolute,  what  339 

■ - - —  relative,  what  ibid, 

—  - — a6ls  according  to  the  Squares  of  the  Biflances  reci¬ 

procally  332 

Auditories,  how  befl  conflruded  346 

Auricular  Tube  defcribed,  with  its  Ufe  342 

Aurora  Borealis ^  what  284 


B 

Balance  hydroftatical,  the  Principles  of  its  Performance  demon- 
flrated  131  — 1 41 

■ - its  Apparatus  and  Ufe  ibid. 

Barometer  fimple,  its  Conilrudion  and  Ufe  149,  152^  157,  164 

. — - —invented  by  whom  148 

- - marine  defcribed,.  with  its  Ufe  229—233 

- pendent  defcribed,  with  its  Excellency  and  Ufe  163 

•———portable,  its  Strudure  and  Ufe  161 

- -its  Ufe  in  forefhewing  the  Weather  165: 

Bell,  how  adied  on  by  a  Stroke  326 

- - why  it  diflei-s  in  Tone,  being  ftruck  in  different  Parts  327 

in  ^acuo  has  no  Sound  3  ^  ^ 

Belly 


INDEX 

Belly  of  a  Harpficord^  its  Advantage  and  Ufe  328 

Blood,  its  Circulation  deferibed  176,  197—204 

— «-the  Difference  of  Colour  between  the  venal  and  arterial  283 
Bodies,  the  Effedl  the  Atmofphere  has  on  theni  1 84-  1 89 

~«’chymical,  their  Change  of  Weight,  whence  294 

—  inflammable,  to  be  dried  by  Steam  70 

— their  Specifick  Gravity  confidered  131  — 144 

—  folid,  how  to  difeover  their  Specifick  Gravities  121, 

134—144 

—  fluid,  how  to  find  their  Specifick  Gravities  1 23, 1  3 1 , 1 34 

—  are  only  relatively  light  or  heavy  1 15 

—•how  to  find  their  relative  Weight  to  Water  i  3^ 

their  Specifick  Gravities  thence  found 

—  immers’d  in  Fluids,  compar’d  with  them  Bulk  for  Bulk 

*  120,  129 

— lighter  than  Water,  how  their  fpecifick  Gravity  may 
be  found  ^  2 1 

—  that  will  diflblve  in  Water,  to  find  their  Specifick  Gra¬ 
vity  ^  *4^ 

_ of  irregular  Forms,  befl:  meafured  by  Immerfion  in  Wa¬ 
ter  ^  ^  ^3^ 

heavier  than  Fluids,  may  be  made  to  fwim  therein  1 9 


—lighter  than  Fluids, may  be  kept  at  any  Depth  in  them  20 
— of  equal  Specifick  Weight  with  a  Fluid,  keep  any  Place 

afligned  therein  H 

~porous,  attract  and  imbibe  Fluids  3  ^ 

_ are  by  Gravity  accelerated  in  their  Fall  ^  90 

—  in  ^^acuo  generally  fall  with  the  fame  Velocity  107 

—heavy,  the  Time  of  their  Defcent  judged  of  by  the 

Height  94 

— irnpelled  by  two  diflina  Forces,  not  direftly  oppofite 
move  in  the  Diagonal  of  a  Parallelogram,  compounded  of 

Lines  in  Proportion  to  both  ^  9^ 

—cold  in  Proportion  to  their  Denfities  ^  ^  ^  276 

diminifli  in  Proportion  to  the  Cubes  of  their  Diameters  293 
-burnt  or  decaying,  furrender  their  Fluids  3*^7 

-dilate  by  Heat,  contrad  by  Cold  generally  225 

-thin  bear  Heat  better  than  fuch  as  are  thick  227 

“found  in  Proportion  to  their  Elafticity  3^-7 


259 

195 


I  I  z 


Boifterous  Winds,  their  Caufe 
Borelli,  his  Explication  of  mufcular  Motion 
Bores  of  Adjutages,  Mar  rioted  Proportions 

_ _-..of  Pipes  of  Condud  for  Supply  of  Vfater  57,  84,  1 12 

Brook,  yielding  a  large  Quantity  of  Water  in  Summer,  and  little 

in  Winter  ,  ^ 

Breezes  from  the  Sea  and  Land  accounted  foi  ^ 

’s  Eye,  a  gathering  Cloud,  whence  ^2^7 


index. 

Bullet  difcliarged  by  the  Wind- gun 
Burning  Mountains,  whence 

C 


Candle-bombs,  their  Strudure  and  Performance  258 

Capillary  Tube^ttraft  and  raife  Fluids  32 

Cartefians,  their  Arguments  againfi  a  Vacuum  confidered  and  re¬ 


futed  3—8 

their  Notion  of  a  perfefl  Fluid,  Materia  Suhtilis  ^ 
Cattle  feen  grazing  from  Greenujich,  crofs  the  Water,  at  one 
time  and  not  at  another,  accounted  for  292 

Caufes  of  Thunder,  Lightning  and  Meteors  279 — 288 

- - -  of  Vs/  inds,  when  moil  regular  248 

— “-‘when  irregular  251 

Chain-pump,  its  Strufture  and  Performance  71 

Chemillry  mentioned  273,  281 

Chimneys,  their  proper  Structure  and  Situation  243 — 246 

- - - — -when  faulty,  their  Cure  ibid. 

Chords  in  Mufick,  what  329 

Chyle,  in  Digeliion,  whence  205 

Circulation  of  the  Blood  197—204 

- - in  what  Time  performed  176 

— " - -  of  the  Fluids  depends  on  that  of  the  Blood  206 

*  '^of  Air  warmed  thro’  Rooms,  how  promoted  242 


- - of  Vapours  experimentally  accounted  for  290 

Clouds  form’d  from  Vapours  290 — 305 

- - -  their  Formation  propofed  by  Experiment  302 

-  '  —  their  Refolution  into  Rain  300 

Conflagration  of  j^tna  in  Sicily ,  and  Vefu^/ius  in  whence 

276 

Cold  contra fls  all  Bodies  226,  227 

—  - -  hinders  mufcular  Motion  194 

- - not  communicated  to  Bodies  by  Means  of  the  Air  225 

Courfe  of  the  Winds  explained  260 

Corrufcations  in  the  Air,  whence  284 

Cotton  s  Account  of  dyde*s-Well  in  Derhyjhire  41 

Crane,  ^ide  Syphon 

Ctefehes,  Inventor  of  the  Pump  49 

Cupping,  the  bell  Manner  221 


D 

I 

Defcent  of  heavy  Bodies,  the  Space  known  by  the  Time  of 
falling  94 

Diaphragm,  its  Situation  and  Office  207 

Digeflion  confidered  and  explained  203 

Diredion 


INDEX. 

Bireftion  of  a  moving  Fluid,  difadvan.tageous,  when  changed  87 


DiiHlling  mentioned  288,  298 

Dihilled  Liquors  hurtful  to  Health  125 

Diving,  the  Art  explained  173—184 

— - Bell,  its  Struddure,  Implements  and  Ufe  175; 

Divers,  their  Habit  and  Defence  181,  183 

Drinking-glals  may  be  broke  by  a  fitting  Sound  332 

Double  Funnel,  its  Strudlurc  and  Performance  78 


E 


Earth,  the  periodical  Time  of  its  Circuit  round  the  Sun 

- - attradls  the  Moon 

is  attracted  both  by  Sun  and  Moon 


Earthquakes,  whence 

Eafi  Wind  perpetual  between  the  Tropicks 
Ebullition  in  Fermentation,  whence 
Echo,  its  Caufe  and  EfFefts  defcribed 
EfFedls  of  the  Air  defcribed  47,  170,  173 

Effluvia  from  all  kinds  of  Bodies  rife  into  the  Atmofphere 


353 
ibid. 

ibid. 

^17^ 

248 

268 

347—351 

184,  189 


266,  273 
212 — 220 
216 


324 

115 


Elafticity  of  the  Air  proved 
— —  of  the  Air  always  equal  to  its  Preflure 

- — ^  of  Bodies  renders  them  fonorous 

Elements.,  the  Opinion  of  the  Antients  concerning  them 
Eminences  of  Ufe  to  colleft  Matter  in  forming  a  Cloud  302 
Engine,  for  extinguiihing  Fire  61 — 63 

- - - for  railing  Water  by  a  multiplying  Wheel,  its  Parts  and 

Performance  72  7  5 

Engines  are  no  more  than  a  convenient  Way  and  Means,  not 
any  Help  in  doing  the  W ork  propofed  5  4 

Eolipile,  the  Experiment  thereon  257 

Evaporation  of  Fluids  from  the  Wind  and  Sun  291 

even  in  the  Article  of  Freezing 


315 


Expanfion  of  Air,  njide  Elafticity 
Expence  of  Water  thro’  vertical  Openings  from  a  Head 

- - - - —  thro’  horizontal  Openings  in  a  Jet  1 1  3 

Expiration  what,  and  how  performed  208 


F 

Fallincr  Bodies,  the  Influence  of  Gravity  thereon  90--97 

_ -^the  Spaces  thro’ which  they  defcend  proportion- 

able  to  the  Square  of  the  Times  they  are  falling  93 

_ _ _  the  Time  of  their  Deicent  computed  by  tne 

Height  of  their  Fall  94 

_ of  all  Yv  eight  and  Shapes  in  wciio  move  equally 

'  107,  155 

Fea- 


fall 


INDEX. 

l^eatners  <ijacuo  and  other  light  Bodies  heavier  than  Lead  1^2 
l  ermentation  occahoned  by  the  Jarring  and  Difagreement  of 
Acids  and  Alkalies  268,  273 

- - —owing  alfo  perhaps  to  the  natural  Attraction  and  Re- 

pulfion  of  the  polar  Parts  of  thofe  Bodies  2 68 

~  not  well  accounted  for  by  prefent  Principles  269 

65-^70 


.Fire-Engines,  their  Structure,  Performance  and  Ufe 
Fifh,  the  Ule  of  their  Air-veffels 
E'lame  v/hat,  and  how  generated 

- - the  Caufe  of  its  Afcent 

-the  Power  of  its  Spring 


^^5 


217 

287 
242 

288 
284 


312 
1 1 
2 

5 

6 

7 

8 

3-5 

4 
10 

1 1  —24 


Flafliings  in  the  Air,  whence 

Flat  Countries  are  frequently  robb’d  of  their  Rain  by  the  Hill's 
adjacent 

Florentine  Experiment  defcribed 
Fluids,  Sir  Ifaac  Nenvton's  Definition  thereof 
««- — --*the  Cartejian  Notion  of  them 
— refill  according  to  their  Denfity 

- - have  no  internal  Motion  of  their  own 

- perfect  and  imperfeCl,  what 

““ - not  without  Vacuities,  tho' incompreffible 

*— — —  conflituted  of  Globules  different  in  Magnitude 
— - — compofed  of  primary  Solids 
— their  Principles  demonftrated 
“  homogeneous^  having  their  Parts  equally  preffed,  'continue 
at  Rell  17 

—  the  having  their  Parts  unequally  preffed^  produces  Motion 
therein  17--19 

— - - prefs  according  to  their  perpendicular  Heights,  the  upper 

Parts  on  the  lower, without  refpeCt  to  the  Quantity  21,24,81 
- - —  their  PrefTure  upward  is  equal  to  that  they  make  down¬ 
ward  I  ^ 

- - -  they  therefore,  if  not  prevented, rife  to  their  own  level  20 

- - their  lateral  PrefTure  is  equal  to  their  perpendicular  15,19 

- their  Parts  attraCl  each  other  ^ 

• - — are  attracted  by  folid  Bodies  to  certain  Limits  9,  32 

- - the  Quantity  of  their  Flux  in  a  Stream  confined  and  in 

Pipes  81,  82 

- — - have  two  kinds  of  Refiflance,  that  of  Tenacity  and  In¬ 
activity  1 04 

- - their  Refiflance  principally  owing  to  the  ‘vls  inertia,  or 

Inactivity  of  Matter  108 

- - moved  by  the  Air’s  PrefTure  as  an  Agent  to  that  Purpofe 

applied  _  _  44,  45,  47 

- - — afcend  in  ^acuo  by  the  Attraction  of  Cohefion  44 

«»_are  fuflained  in  the  Air  to  certain  Limits,  without  a 

Counter-preffu-rQ  from  above  75 — 77 

FluidS;^ 


I 


N  D  E 

Fluids,  projeded,  move  nearly  in  the  Diredion  of  the  Parabola 

98—102 

or  rather  in  a  Curve  of  the  hyperbolick  Kind  103 

—  their  Diredion  being  changed,  caufes  Fridion,  and  hin¬ 
ders  the  iffuing  Stream  gj 

~  their  Expence  calculated  a  priori  pradicable  88 

—  their  Denfity  incieafed  by  any  Degree  of  Cold  under 

that  of  Congelation  ^  ^ 

-“in  a  State  of  Ice  evaporate  ibid, 

their  Circulation,  how  carried  on  206 

-the  Velocity  of  their  Defcent,  in  Proportion  to  the 

88 

47 

79 

306 

307 

80 — 82 
88 
61 
301 
305 

77 


Length  of  the  Pipe  thro’  which  they  pafs 
- — decanted  by  Syphons  explained 
— “decanted  by  the  Antigugler  or  Air-pipe 


- - conftantly  decreafing 

- - regained  by  the  Diffolution  of  folid  Bodies 

Flux  of  Fluids  from  Pipes  and  a  Head 

from  a  VelTel  computable  a  priori 


29O' 


Forcing-pump,  its  Strudure  and  Performance 
Formation  of  Clouds  from  colieded  Vapours 

- — - — ■  of  Vapours  into  Clouds 

F'cvintain  at  Command,  its  Strudure  and  Performance 

™-.-.of  Hero  playing  by  the  Force  of  Air  condenfed  hy 
Water  •  219 

—  refembling  the  Clepfydra  of  the  Antients,  its  Strudure 

and  Performance  1 1 4 

Fowling  mentioned  289 

Fridion  in  Water- works,  its  Difadvantages  86— -90,  1 10— 1 14 

Freezing  treated  on  3  ^  4 — 3  *  9 

Fruit  contains  Air  222 


Fulminating  Matter  in  the  Air,  what 


274 


Galileo,  Difcoverer  of  the  Air’s  PrefTure  147 

Glafs  Ima  ges  how  made  to  rife  and  fink  in  Water  at  Command 


1 1  217 


Gold  and  ponderous  Bodies,  the  propereil  Time  to  buy  and  fell 


tnem 

Gems  the  fame 

Gravity  abfolute  or  pohtive,  what 

- - relative  or  comparative,  what 

•ads  on  Bodies  confcandy  and  uniformly 


142 

H3 

I  ID 


91 

90-97 

I  21,  132-144 


_ _ its  Adion  on  falling  Bodies  illuilrated 

_ _ Specifck  of  Bodies,  how  found 

_ _ Specifck  of  certain  Bodies,  affign’d  by  Mr.  JVard  140 

Gunpowder,  its  Compofition  ^  277 

its  Flame  exjtremely  elakkk  17, 

Gum 


INDEX. 

Gunpowder  fired  in  ^acuoy  makes  no  Explofion  290 

generates  Air  in  firing  . 

H 

Hail  how  produced 

“ — attends  frequently  Thunder  and  Lightning 

- - increafes  in  its  Journey 

Halo,  its  Appearance  accounted  for 
Hearing,  the  Form  of  the  Places  propereft  for  it 

- - — -how  effedled  by  the  Ear 

*— — - — -promoted  by  opening  the  Mouth 
Heart,  its  Structure,  Situation,  Adlion  and  Ufe 
Heat,  not  communicated  by  the  Conveyance  of  the  Air'  225 
dilates  all  Bodies  225 _ 229 


314 

ibid, 
ibid. 
235,  290 

303 

324 

I  82 

197— -202 


Heights  of  Refervoirs,  the  Quantity  of  Water  they  yield 

81--84,  iio — 114 

Hiero  King  of  Sicily,  the  Mixture  in  his  Crown  difcovered  by 
Archimedes 
Hero's  Fountain 

Hills,  their  Ufe  to  the  Earth  and  Inhabitants 
Hurricanes  moft  frequently  in  hot  Climates 
•by  what  probable  Caufe  produced 


Hydrometer  or  Water-poize 
Hydroftaticks  defined,  their  Ufe  and  Importance 
Hydroftatical  Principles  demonfirated 

—  - Paradox  cleared  up 

—  - Balance,  its  Ufes  explained 

Hygrometer,  its  Structure  and  Ufe 


1 29 
219 
312 
264 
258 
122 
t 

1 1 — 24 
24—3 1 
127--141 

234 


Jack  driven  by  Smoke,  its  Struflure  and  Performance  241 
Ice  takes  up  more  Room  than  an  equal  Weight  of  Water  3 1 5 

■ - is  lighter  than  Water  before  Congelation  ibid. 

Jets  d’Eau  confidered  109 _ iij 

- - .their  Performance  hindered  by  Friflion  and  the  Refill;- 

ance  of  the  Air  j  1 1 

Jewels,  the  Seafons  wlien  they  are  bought  and  fold  to  moll  Ad¬ 
vantage  143 

Ignes  fatuiy  what  and  whence  287 

Images  of  hollow  Glafs,  how  made  to  fink  and  rife  in  Water 

1 1 8,  2 1 7 

Inaflivity  of  Matter,  what  104 

Infant,  how  to  judge,  whether  ftil born  or  not  ^  210 

Infertion  of  a  Mufcle,  what  190 

Infpiration  or  drawing  Breath,  how  performed  207—210 

Irregularity  and  Uncertainty  of  Winds,  whence  253 

Land- 


4* 


I  N  D  E 


30^ 

337 
59 


L 

Land-breezes,  bow  accounted  for  250, 

Lead  and  other  ponderous  Metals  made  to  fwiui  in  Water  ^ 

Leak  in  a  Ship,  how  pradlically  difcoverable 
Lifting-pump,  its  Strudture  and  Performance 
Lightning,  the  natural  Caufe  of  it  265,  284 

has  ill  it  a  Mixture  of  nitrous  and  fulphureous  Vapour 

282 

'  . . when  dangerous  278 

— —its  EfFedls  defcribed 

Liquors  are  imperfed'  Fluids  2 1 

• — —are  decanted,  free  from  Sediment,  bj^  the  Antigugler  or 
Air-pipe  70 

- - the  like  by  the  Crane  or  Syphon  36 

- the  Method  of  finding  their  fpecific  Gravity  123^ 

1 3 1— -134 

Lungs,  their  Adlion  in  Refpiration  208 

M 

Machines,  Power  loft,  never  gained  in  equal  Times  by  them  54 
Manometer  defcribed,  and  its  Ufe 

Marine  Barometer,  its  Strudlure  and  Ufe  ^  229 — 233 

Mariotte's  Proportion  of  the  Bores  of  Adjutages  and  Pipes  of 
Condudl  1 1  z 

Matter  originally  homogeneous  10 

Meteors,  their  natural  Caufe  ^  265,  291 

Metals  adulterated,  howto  difcover  138— -141 

Midrilf,  its  Situation  and  Office  207 

Moifture,  its  Circulation,  how  carried  oil  306 

•“—"its  EfFedts  on  porous  Bodies  235 

- - in  the  Air  difcovered  by  the  Hygrometer  234 

Money  counterfeit,  how  to  be  difcovered  1 3  S 

Moon,  her  periodical  Time  of  Revolution  round  the  Earth  353 
——her  ^antity  of  Matter  compared  to  that  of  the  Earth  ib. 

- -has  a  confiderable  Influence  on  the  Winds  253 

- .on  the  Lunaticks  and  Infirm  183 

_ _  the  Difference  of  her  Attradion  at  the  Zenith,  Meridian 

and  Nadir  of  the  Earth  313 — 31^ 

Motion  of  Projediles  in  nearly  the  parabolic  Curve  demon- 
ftrated  98—102 

_ _ or  ftridly  rather  in  one  of  the  hyperbolic  Kind  10^, 

of  Winds  generally  in  Waves 


jt 

26a 


Mountains,  their  Heights  meafurable  by  the  Barometer 
«i-burning,  whence 

Mountainous  Places  well  fupplied  with  Rain 
Mufcle,  what^  and  its  Parts  defcribed 

C  c 


159 

276 

3  J  2; 
189 
Muf- 


INDEX. 

Mufcular  Motion  explained 

how  probably  performed 
accounted  iorhy  Borelli^  &c. 

— — — where  involuntary 
Mufickj  fee  Sounds 
9,«n»««»»«.^afFe<^  the  PalTionSj,  the  Caufe 
by  Strings,  how  performed 
by  Wind 


189 


.-197 

192 

194 

197 


333—336 

328 

•33^ 


N 

Nature’s  Abhorrence  of  a  n^acuim  exploded  48 

Natural  Syphons,  Inftances  given  40—43 

Neap-tides,  what,  and  when  they  happen  ^  361 

.Nerves,  the  foie  probable  Caufe  of  mufcular  Motion  194 

Nlle^  its  Source  and  Inundation  defcribed  310 

Nitre  generates  Air  in  abundance  283 

-in  the  Air  one  probable  Caufe  of  Hail,  Snow  and  Froft  314 


Notes  in  Mufick,  fee  Chords 
Nutrition,  w'hence 


206 


O 


Objeaions  to  the  Air’s  Preffure  anfwered  168 

_ _ to  a  Vacuum  anfwered  5—8 

^  ^  to  the  Theory  of  rifing  Vapours  294—298 

Obkrudtions  in  Water-works,  whence  86—90,  110—114 

-  to  mufcular  Motion  w' hence  1 94 

Odlave  in  Muhek,  what  3^9 

Oil  condenfed  in  Proportion  to  the  Degree  of  Cold  ’tis  under  3 1 5 
Opinions  concerning  the  Rife  of  Springs  rejeded  309 

Organ,  its  Strudu re  and  Performance  338 

_ _ of  Hearing,  at  proper  Dillances,  equally  affeded  by  the 

fame  Sound  3^3 

Orio-in  of  a  Mufcle,  what  190 


p 


Parabola,  all  tlie  Varieties,  how  to  be  defcribed 
Paradox  hydroftatic  propofed  and  folved 

- - -  Gordon's  1 5  th  explained 

Pafllons  affefted  by  Mufick 
Pendent  Barometer,  its  Strufture  and  Ufe 
Perfea  Chords  in  Mufick,  which 

Phenomena  of  Freezing  accounted  for  _  ■  1,1 

of  other  Subjefts,  generally  direfted  to  m  the  fable 

of  Contents  before  the  Work 

Phofphorus,  an  Experiment  thereon  ^.^6 


102 

24—3.1 

17S 

333-336 

163 

331 

314— 319 


INDEX. 


Pipes  ©f  Condu6l,  their  Difpofition  ^5 

- - their  Size 

Proportion  of  them  for  Jets  i  iz 

Piilons  of  Pumps  how  leathered  58 

Piftols  riffled  barrel  Vi  de  mofl:  Execution  289 

Places  bell  adapted  to  Heading  3 43 "*"3 47 

Plants^  the  Caufe  of  the  Afcent  of  Sap  therein  22,2—225 

— - increafe  by  watering,  and  plentifully  perfpire  308 

Pneuma ticks  defined  145 


Pond  near  Granjefend,  ebbing  and  flowing  contrary  to  the  Tides 


accountca  40 

Portable  Barometer,  its  Struclure  and  Ufe  161 

Preliure  of  Air,  fee  Air 

» — of  Fluids,  whether  upward,  downward,  or  laterally, 

are  according  to  their  feverai  Heights  19 

- - inequality  thereof  the  Caufe  of  ell  Motion  150 

Principles  hydroflatical,  fee  hydroftatic  Principles 
Projecliles,  their  Motion  ihewn  to  be  performed  nearly  in  the  Pa¬ 
rabola  98—102 

- - - or  rather  in  a  Curve  of  die  hyperbolic  kind  103 

Pi  ojedion,  the  greateil  that  can  be  made  on  things  call  or  thrown 

1 02 


Properties  of  Air,  fee  Air 


B 1.,,—  ~..of  Fluids,  fee  Fluids 

Power  loft,  never  gained  in  equal  Times  by  Machinery  54 

Powder,  not  all  burnt  in  ordinary  Fov/ling  289 

Pump-work,  the  Difpolition  thereof  55 

Pump,  how  to  leather  its  Piftons  for  Ufe  58 

_ _ -the  Caufe  of  the  Afcent  of  Water  therein  afeertained 

47—50 

- - b}^  whom  and  when  invented  ^  49 

forcing,  its  Strudlure  and  manner  of  Aftion  60 

_ _ -lifting,  its  Parts  and  Performance  explained  59 

---fucking,  its  Struflure  and  Ufe  — S3 


.  R 

Rain  proceeds  from  exhal’d  Vapours  collefled  and  cendenfed 

290—306 

_ die  Quantity  falling  in  fundry  Places  ^  291 

_ _ _  its  Advantages  over  other  Water  in  Vegetation  282 

Reflexion,  the  Angle  equal  to  that  of  Incidence  35® 

_ _ .of  the  Winds  from  Eminencies  256 

Repellency  of  Steam  297 

Repulfion  and  Attradion  one  probable  Caufe  of  Fermentation 

Refervoirs  natural  may  be  found  in  the  Earth,  particularly  in 

Hill?  42.  313 

C  c  2  RcfiiU 


C  c  2 


INDEX 

Refiftance  of  Fluids  proceeds  rather  from  the  Iriadllvltv  or 
inertia  of  Matter,  than  its  Tenacity  ^  j 

Refpinition,  how  performed  207->-2iQ 

Rocket,  the  Caui'e  of  its  Rife  in  the  Air  accounted  for  i6 
Rooms,  the  Circulation  of  warm  Air  promoted  thro^  them  242 
Running  of  Water  from  a  Head,  the  Quantity  8 1 


thro’  Holes  bored 
—thro’  Jets 


83—88 

X  IQ 


S 

Saint  Helena  abundant  in  Vapours 
St.  Thomas  the  fame 

Sanguification,  the  Manner  of  it  defcribed 
Sap,  its  Rife  in  Plants  accounted  for 
Saltpetre  generates  Air  in  plenty 
Saits  fubfide  in  Water,  and  form  Slime  and  Mud 
—  volatile  of  the  alkaline  Kind 


309 

2©§ 

222—225 

283 

123 


Scheuchzer's  Experiments  on  the  Barometer  at  different  Altitudes 


from  the  Earth’s  Surface 
Sea-breezes,  how  to  be  accounted  for 
Service  the  Winds  are  of 
Ship,  its  Leak,  when  fmall,  how  difeovered 
Smoke,  the  C^^tife  of  its  Afcent  in  Air 
^  ^  Jack,  its  Strudure  and  Performance 

Snow,  what 

the  Caufe  of  its  WTiitencfs 
Sound  in  general  confidered 

- - its  Motion 

- - moves  not  Flame 

— - the  Caufe  thereof 

- - —.its  Manner  of  Propagation 

- - - —  its  Intenfity  depends  on  the  Denflty  of  the  Air 

- - w’hen  to  be  heard  at  great  Diftances 

Speaking-trumpet,  what 
Specific  Gravity,  what  ^ 

— — — i -  of  certain  Fluids 

•of  Bodies  in  general 


250, 


320. 


159 

302 

265 

337 

1 15 

241 

319 

ihid. 

-340 


320 — 322 
320 

3^J 

ihid. 

322 


34^ 

516 

1 16 


-how  found  121,  1 32—144 

Ward‘d  Table  thereof,  in  feveral  Subjeds 


--3 1 3 
ihid» 


Spring  of  the  Air,  fee  Elafticity 

_ _ Tides,  their  natural  Caufe 

Springs,  their  Source  and  Origin 

— ^their  conftant  Supply  accounted  for 
Staticks  definrf 

Steelyards,  the  Principle  whereon  they  ad  propofed 
Steam  drives  aw^ty  Air  and  other  Fliiids^  by  its  Repellency  66 

297 


I 

s 


index. 

Steamj  tiie  Ufe  in  drying  inflammable  Bodies 
Storms,  whence 

Strings,  how  ftretch’d  to  exprefs  the  Notes  in  Mufick 

how  adled  on  by  a  Stroke  ^25 


/ 

259 
32S 
329 

329.^ 

5 

50-53 

47 

48 

210 

239» 
291 

- attracts  the  Earth  and  Fluids  353 

Surfaces  diminifh  in  Proportion  to  the  Squares  of  their  Diame¬ 
ters  ^  293 

Syphons,  the  Rife  of  Fluids  therein  explained  35 — 37 

- artificially  difguifed  3  8 

- natural  '  40 — 43 


- -  vibrating  in  equal  Times,  the  Confequence 

Subtle  Matter  of  the  Cartejians  mentioned 
Sucking-pump,  its  Strudure  and  Execution 
Sudlion  by  Machines  explained 

- - —what  is  to  be  underftood  by  the  Word 

•——by  an  Animal,  how  performed 

Sun,  one .  principal  Caufe  of  the  Evaporation  of  Fluids 


Table  of  the  Expence  of  Water,  at  any  Depth  under  fifty  two 
Foot  o- 


83 

of  the  Rife  of  Jets  from  Refervoirs  of  any  Height  under 
an  hundred  Foot  no 

of  the  fit  Sizes  for  Adjutages  of  Jets,  and  Pipes  of  Con- 
dud  1 1 2 

of  the  fpecifick  Gravity  of  certain  Bodies,  by  Mr. 

140 

tantalus*  Cup,  v/hat  39 

tarantula,  its  Bite  recovered  by  Mufick  335 

Tempells,  fee  Winds 

Tendons  what,  and  their  Ufe  190 

Thermometer,  its  Strudure  and  Ufe  228 

n,.,  -  - - - by  whom  invented  ibid. 

St.  l^homas  mentioned  309 

Thunder  what,  and  the  natural  Caufes  thereof  279 

- - -when  attended  with  Danger  280 

j,  -  -  Lightning  more  frequent  in  certain  Seafons  287 
Tides,  the  general  Cade  of  them  afiigned  351, 


_ _ their  Phenomena  accounted  for  351—368 

Timber  heavier  than  Water,  when  throughly  foaked  2 1 8 

Time  of  Bodies  fall  in  a  certain  Proportion  to  their  Defcent  93 
Tones  mufical,  their  Difference  ^  3  ^  7"““  3  3 

forncellius,  Difcoverer  in  part  of  the  Quantity  of  the  Air’s 
PrelTure  14^ 

Tornado’s,  moft  frequent,  where  264 

^orpedQ  its  numbing  Quality,  whence  194 


index. 

Trampet,  fpeaking,  its,  Befcription 
Tube  auricakr,  liow  conftruded 

s-^ell  in  Derhyjhire^  Cottofi^  Account  of  it 


54* 

342 

4.0 


,  V 

Vacuities  in  Fluids  proved  by  tlieir  taking  in  Quaniides  of 

Slits,  iffi,  '  '  ^ 

Vacuom  proved,  and  the  Objections  of  the  Cartejiam  refuted 

— — -Nature^s  Abhorrence  of  it  exploded  48 

Valves,  their  Ufe  in  Pump -work  explained 
Variability  of  the  Winds  generally,  whence  255 

Vapours  exhaled  by  the  Sun  239,  291 

— - - —their  Afcent,  Progrefs  and  Condition  to  their  De(cent 

290—306 

*■■■  . their  Quantity  and  Circulation  accounted  for  ihid^ 

- - -rife  more  plentifully  in  gleaming  Weather  293 

hang  about  the  Surface  of  Waters  at  fome  Times  292 

222 — 223 
306 
201 

276 

277 
194,  324 
326—332 

104 
108 

329 

330 


Vegetables,  the  Rife  of  their  Sap  accounted  for 

- — - formed  from  Water 

Veins,  ^heir  Ufe  and  Figure 
Vefu^ius,  the  Caufe  of  its  Eruptions 
Vibration  of  the  Lightning,  whence 

of  the  mufical  String  defcribed 

- - —of  Bells  and  other  SubjeCls 

Vis  inertia;  of  Matter,  what 

. . . ^the  Quantity  of  its  Refiftance  given 

Unifon,  what 

- how  made  to  found 

Strings,  their  confonant  tremulous  Motion  accounted  for 

*f  *  7 

tbia^ 

— - in  ‘vacm  will  not  found  or  move  332 

Unvvholefome  Air,  whence  272 

Voice,  how  magnified  by  the  Speaking-trumpet  341 

-how  far  it  will  glide  over  a  fmooth  Surface  in  a  Calm, 


and  be  audible 
Volatile  Salts  of  the  alkaline  Kind 
Volcano’s  accounted  for 


343 

271 

276 


W 

IVard's  Table  of  fpedfic  Gravities 
Warm  Air  diffolves  more  Water  than  cold 
Water  defined 

- - when  light,  moil  wholefome 

- - how  to  judge  of  its  Tenacity 

far  it  exceeds  that  of  Mercury 


140 

236 

12^ 

ibid, 

\ 

4k 

46'. 

Water, 


INDEX,  _  '  ■ 

Water  rifes  to  its  own  Level  in  Pipes,  without  Force'applied  2G 
is  contained  in  Air,  and  imbibed  by  it  2^6 

-to  what  Degree  it  may  be  dilated  by  Heat  239 

-  its  primary  Particles,  impenetrable  Solids  i  o 

—  its  proportionable  Weight  to  that  of  Air 

—  how  to  compute  the  Quantity  thereof,  rais’d  in  Vapours 
from  the  Sea 

—its  Expence  thro’  Jets  and  other  Openings  82»-84,  8^ 

1 1 5 

—  the  Caufe  of  its  Afcent  in  Syphons  explained 

in  Pumps 


36 
47—50 
65—70 
72—75 
iz 


—rais’d  by  the  Fire-Engine 

—  rais’d  by  a  Multiplying- wheel 
“—gravitates  in  Water 

O  ^ 

—  a  Pint,  in  certain  Circumfiances,  may  be  made  to  prefs 

as  much  as  feveral  Gallons  24—29 

—  -  Clock,  hew  it  may  be  formed  and  play  a  Jet  1 1 4 

—Poize  or  Hydrometer,  its  Strudure  and  Ufe  122 

—Spout,  a  Defeription  of  it  •  262 — 264 

— ^^fufpended  in  the  Air,  a  Difficulty  among  Naturalids  294 

abforbed  by,  and  contained  in  the  Air  in  Plenty  236 

—  the  Origin  of  all  the  Produdlions  of  the  Earth  30^ 

—Works,  whence  proceed  Obftrudions  therein  86 

a  heterogeneous  Fluid 


307 

165 


Weather-glafs,  fee  Barometer 
— obferved  thereby 
Weight  of  the  Air,  fee  Preffiire 
Wliilpering-places,  their  Strudure  and  manner  of  Performance 

344 

Whirlwind,  what  and  whence  262 

Wholefomnefs  of  Air,  whence  272 

Will-o’-Wifp,  whence  and  what  287 

Winds,  one  principal  Caufe  of  the  Evaporation  of  Fluids  29^ 
their  Origin  and  Progrefs  237 — 240,  248— 26^* 

—  - their  Ufe  and  Importance  265; 

*— — their  Caufe,  when  moft  regular  ^  2 48 

-V--  the  Caufes  of  their  Uncertainty  and  Irregularity  252 

_ —the  Time  of  their  chief  Variability  255: 

- - tempeftuous,  whence  259 

-  -  blow  from  the  Places  where  the  Storm  is  the  moft  vio¬ 

lent  every  way  3^-^ 

«— -move  often  in  Waves  26a 

_ _ contrary,  deltroy  each  othem  Force  261 

V  r-  their  ordinary  Velocity  ibid.- 

condenfe  the  Air  '  ibid^ 


Wind  Ealt,  how  fucceffively  propagated  in  the  torrljl  Zone  248 

Stove,  the  Manner  wherein  it  fucceeds  241 

Wind- 


INDEX. 

Wind-gun j  in  what  Manner  it  throws  out  a  Bullet  21  i 

—-mufick,  how  performed  338-340 

WNies  whoifome  when  lighted:  j  2  . 

Wood-work,  the  Caufe  of  its  fwelling  in  moifi  Weather  2:5  c 
■ - -finks  in  Water,  when  its  Pores  are  full  of  it  218 

- - -  will  not  be  buoyed  up  in  Water  under  certain  Circum- 

liances 


y 


Yawning  attempted  to  be  accounted  for 


20 


332 


FINIS. 


Lately 

Printed  for  E.  Symon,  over-againjl  the  Royal  Exchange^ 

in  Cornhill, 

Youth's  introduction  to  Trade  and  Business  3 
Containing  j  i .  Tables  of  the  moft  ufual  Clerk-like  Contmc« 
tions  of  W^'ords  ;  with  proper  Diredions  how  to  add  refs  Pa*fons 
of  elevated  Rank,  and  thofe  in  Office.  2.  Acquittances  and  Pro- 
miffiory  Notes  diverfified,  and  adapted  to  fuch  Circumftances  as 
occur  in  real  Bufinefs.  3,  Variety  of  Bills  of  Parcels,  and  Bills 
on  Book  Debts,  to  enter  the  Learner  in  the  Manner  and  Methods 
of  Commerce,  and  to  make  him  ready  at  Computation.  4.  Bills 
of  Exchange,  with  neceffary  Directions  for  the  right  Underlland- 
ing  and  Management  of  Remittances ;  feverai  Orders  for  Goods^ 
Letters  of  Credit,  Invoyces,  and  other  Merchant-like  Examples, 
r.  Authentic  Forms  of  fuch  Law  Precedents  as  are  moft  fre¬ 
quently  met  with,  in  the  Courfe  of  Traffick.  6.  Small  Collec¬ 
tions  of  Queftions  interfperfed,  to  exercife  the  Learner  in  the 
common  Rules  of  Arithmetic,  to  ufe  him  to  Calculation,  and  to 
bring  him  acquainted  v/ith  the  Ufe,  the  Properties  and  Excellency 
of  Numbers,  byway  of  Recreation.  The  Third  Edition,  Cor-^ 
rected.  Amended,  and  conlidera,bly  Improved. 

By  M.  Clare,  Mafter  of  the  Academy  in  Soho-Square,, 
London.  By  whom  Youth  are  Boarded,  Educated,  and 
qualified  either  for  the  Univerfity,  the  Compting-houfe,  or 
the  Publick  Offices. 
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